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Introducing the new Scorpion 
EXPLORE THE MOON I 


ALL FOR THE UNBELIEVABLY LOW PRICE OF $660.00!!! 


Available at computer stores everywhere. 

Or order direct and receive a 1 0% Introductory Factory Rebate through 


January 1, 1984. 

130 page manual only $20 prepaid. 
Dealerships currently available. 

Prices and specifications subject to 
change without notice. 


RHINC 

ROBOTS 


from Rhino * 

The Scorpion is a versatile robot designed 
especially for the serious robot enthusiast. By 
following the detailed instructions included in the 
kit, you can build this highly sophisticated and 
entertaining device. With 32 lines of I/O and 
complex machine intelligence capability, it is 
completely software programmable. Among the 
many talents of the Scorpion are its ability to see 
and read codes, to learn obstacle locations and 
avoid them, and to follow a tape on the floor at 99 
different speeds. 

LOOK AT THESE CHALLENGING 
AND EXCITING FEATURES: 

RS-232 C serial interface allows the Scorpion to obey 
instructions and answer questions from any host 
computer with a serial printer interface. 

6502 microprocessor on board with 8K of EPROM and 
2K of RAM, expandable to a full 64K system. 

The special Scorpion language with 30 instructions is 
explained in detail in the 130 page manual (8V2 x 1 1) 
accompanying the kit. 

The two axis optical scanner provides data for pattern 
recognition and camera experiments. Over a 300 
degree scan in both vertical and horizontal planes. The 
visual patterns can be displayed in the computer CRT. 


Order today: 

Rhino Robots, Inc. 

P.O. Box 4010, 2505 S. Neil St. 
Champaign, IL 61820 
217/352-8485 

Telex: 3734731 RHINO ROBOTS C 
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RHINO®/APPLE SYSTEM I 

$5370 

An integrated high-tech robotic package for education, research, and indus- 
trial planning. Hardware. Teaching software programs. Comprehensive 
instruction manual. Peripherals available. System includes: 

• RHINO® XR MARK II (with heavy duty power supply — Va” aluminum arm 
construction, optical encoders on each axis, six DC Servo Gear motors, 
digital design w/onboard micro-processor, built-in self-test program, 22.5” 
max. reach, 32” height, Va ” width, 5 lb. lifting capacity. 

• Apple lie, 48K 

• Apple Disk II w/interface 

• CCS 771 0A RS-232C interface 

• RHINO®/Apple interface cable 

• Apple Monitor III — Green 12” 

• RHINO®/Apple software package #1 (RASP 1) 

• RHINO® ‘‘Hands-On Introduction to Robotics” 250 page manual 

• Tool kit for robotic arm 

• Instruction for RHINO®/Apple hook-up 

• Apple DOS 3.3 Software System w/manual 

• Apple system manuals w/software instruction manual 

Systems shipped F.O.B. Champaign, IL. Price & specifications may be 
altered without notice. 

For information regarding the basic RHINO® system and other RHINO®/ 
Apple integrated packages contact: 



Rhino Robots, Inc. 

P.O. Box 4010, 2505 S. Neil St. 
Champaign, IL 61820 
217/352-8485 

Telex: 3734731 RHINO ROBOTS C 


RHINO 
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World’s largest 
local distributor 
with 48 locations 
stocking the finest 
lines of electronic 
components and 
computer products 

ALABAMA 

Huntsville (205) 837-7210 

ARIZONA 

Phoenix (602) 231-5100 

CALIFORNIA 

Avnet, L.A. (213) 558-2345 
Avnet, S.F.V. (213) 883-0000 
Avnet. O.C. (714)754-6111 
Hamilton. L.A. (213) 558-2121 
Hamilton. S.F.V. (213) 558-2323 
Hamilton. O.C. (714)641-4100 
Sacramento (916) 925-2216 
San Diego (619) 571-7510 
San Francisco (408) 743-3355 
COLORADO 

Denver (303) 779-9998 

CONNECTICUT 

Danbury (203) 797-2800 

FLORIDA 

St. Petersburg (813) 576-3930 

Miami (305) 971-2900 

Orlando (305) 628-3888 

Melbourne (305) 725-2700 

GEORGIA 

Atlanta (404) 447-7507 

ILLINOIS 

Chicago (312)860-7700 

INDIANA 

Indianapolis (317) 844-9333 

KANSAS 

Kansas City (913) 888-8900 

KENTUCKY 

Louisville (800) 428-6012 

Lexington (800) 543-4783 

MARYLAND 

Baltimore (301 ) 995-3500 

MASSACHUSETTS 

Boston (617) 273-7500 

MICHIGAN 

Detroit (313) 522-4700 

Grand Rapids (616) 243-8805 

MINNESOTA 

Minneapolis (612) 932-0600 

MISSOURI 

St. Louis (314)344-1200 

NEW JERSEY 

Fairfield (201 ) 575-3390 

Cherry Hill (609) 424-0100 

NEW MEXICO 

Albuquerque (505) 765-1500 

NEW YORK 

Long Island (516) 454-6060 

Syracuse (315) 437-2641 

Rochester (716) 475-9130 

NORTH CAROLINA 

Raleigh (919) 878-0810 

OHIO 

Cleveland (216) 831-3500 

Dayton (513) 433-0610 

OREGON 

Portland (503) 635-8831 

PENNSYLVANIA 

Philadelphia (215)831-1300 

Pittsburgh (800) 321-6890 

SOUTH CAROLINA 

Columbia (800) 334-1597 

TEXAS 

Dallas (214) 659-4111 

Houston (713) 780-1771 

Austin (512) 837-8911 

UTAH 

Salt Lake City (801 ) 972-2800 

WASHINGTON 

Seattle (206) 453-5844 

WEST VIRGINIA 

Charleston (800) 543-4783 

Huntington (800) 543-4783 

WISCONSIN 

Milwaukee (414) 784-4510 

INTERNATIONAL EXPORT 

Los Angeles (213) 558-2441 

New York (516) 420-9640 

Telex 66-4329 

CANADA 

Toronto (416) 677-7432 

Montreal (514) 331-6443 

Ottawa (613) 226-1700 

Calgary (403) 230-3586 

Vancouver (604) 224-0619 

JAPAN 

Tokyo (03) 662-9911 

Osaka (06) 533-5855 



CALL 

FORTH*! 


With The Rockwell 
R65F11 Forth Chip 



ROCKWELL from HAMILTON/AVNET 


Rockwell summons the force of Forth for 
microcontroller programmers. With its R65F11 
single-chip microcomputer, this high-level 
language is at your control— onboard! 

Wielding the power of Forth, you can write a 
program 3 to 4 times bigger in the same space 
and run it up to 10 times faster than with other 
high-level interpreter languages. 

The magic of the R65F11 is the Forth 
operating system in its internal ROM, with 
more than 120 Forth functions. The R65F11 is 
assisted by the R65FR1 external 8 Kbyte devel- 
opment ROM containing dictionary definitions 


and development commands. Add an external 
scratchpad RAM to complete the three-chip 
development system. For a two-chip production 
system, drop the development ROM and convert 
the program in RAM to EPROM or ROM. 

Monitor your wizardry by linking a terminal 
to the R65F11 through its RS-232 compatible 
I/O port. There are also PROM programmer 
commands onboard for transfers to EPROM- 
just add an external 25V power supply. 

Call Hamilton/Avnet today. We re your #1 
local source for the R65F11 and all your 
Rockwell product requirements. 


•Trademark of Forth. Inc. 



A commitment to stock and serve your local market! 
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Heathkit /Zenith 


Educational Systems 


' Heathkit Electronic Centers are units of Veritechnology Electronics Corporation. 

\ • N ' ' ' Heath Company is a subsidiary of Zenith Radio^ Corporation 

y n ' • . - n . . 


State Zip_ 

Heathkit /Zenith Educational Systems is a division of Heath Company, 
Benton Harbor, Michigan 49022. RO-100AR2 


Address 


Please send details on the HER0 1 robot 
and robotics course. 

Mail to: Heath Company, Dept. 529-138 
Benton Harbor, Ml 49022 

I Name 


A robotics course and a robot ~ 
priced right for you or your company 


« the 
most sophisticated 
microprocessor- 
controlled device 
since the 
microcomputer. 

HER0 1 is a completely 
self-contained, electro- 
mechanical robot capa- 
ble of interacting yyith 
its environment. Con- 
trolled by an on-board, 
programmable com- 
puter, it has electronic 
sensors to detect light, sound, mo- 
tion and obstruction in its path. 

Capable of seven axes of mo- 


tion, the robot can be programmed 
to pick up small objects with its arm. 
It will also speak in complete sen- 
tences, using its voice synthesizer. 

Remarkable though the robot is, 
its companion Robo- 
tics Education Course 
is an even more signifi- 
cant "first.” It provides 
a thorough under- 
standing of robottech- 
nologies, including 
robotics programming. 
Course features self-test 
unit reviews, experi- 
ments and final exam, 
resigned to be used with 
HER0 1, this 1200 page course is the 
most complete introduction to 
robotics available today. 


HER0 1 is a computer on wheels. 

HEROI uses a 6808 microprocessor 
that controls 13 functions and sense 
boards. Its on-board processor 
can take it through complex ma- 
neuvers. The programming proc- 
ess is straightforward with provision 
for step-by-step debugging, en- 
hancement and other corrections. 

HER0 1 senses include: sound de- 
tection (frequency range 200- 
5000 Hz); light detection; ultrasonic 
ranging; ultrasonic motion detec- 
tion; speech synthesis; and real 
time, four year calendar clock. 

A completely mobile platform 
robot, HEROI's motion abilities per- 
mit head rotation and arm rotation 
of 350,° shoulder rotation of 150,° 
arm extension of 5 inches, wrist 
pivot of 180° and wrist rotation of 
350.° Gripper will open to a max- 
imum of 3V 2 inches and rotate 9CT 
at extreme extension. Payload ca- 
pacity of arm is 8 oz. at maximum 
extension and 16 oz. at normal. 

The remarkable HEROI robot is in 
production now, ready for you. Buy 
assembled or build it from a kit. Kit 
price is $1500 and the assembled 
robot is $2500, FOB Benton Harbor, 
or through your nearest Heathkit 
Electronic Center. 

For full information on HERO 1 
call 800-253-0570 toll-free. (In 
Alaska, Hawaii and Michigan, call 
616-982-3411.) We’ll give you the 
address of the nearest Heathkit 
Electronic Center and send you a 
booklet that gives details about 
the robot, the content of this 
course, and other information. 
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Editorial 


The Need for Experimenters 

RAYMOND GA COTE 


E very technological advancement is characterized by two 
distinct groups: the commercial manufacturers attempt- 
ing to profit from the new technology, and the experimenters 
and tinkerers who view it as a challenge to be met head-on. 

An experimenter is not necessarily a backyard hobbyist. 
Many experimenters spend their days working with the very 
technology with which they experiment. Then they take their 
work home with them. 

A field such as robotics that uses large, expensive equip- 
ment requires inexpensive learning tools with which peo- 
ple can experiment in order to spark creative thought. A 
person wishing to learn about stepper motors, micropro- 
cessor controllers, and feedback loops is more likely to pur- 


UO-LISP 


A LISP Programming Environment 

An Excellent System for 
A. I., Robotics & Intelligent Systems 
An Optimizing Compiler and Assembler 



Documentation 

Comprehensive manual 
covering all aspects of the 
system. Numerous examples 
of each facility are included. 

Interpreter 
Over 125 functions 
implemented in 
the base interpreter. 
Additional Development and 
Example Software Available. 

Fast Load Libraries 

Compiled code can be stored in relocatable files. 


Requirements 

CP M System. Also available for TRS 80 Model I 
or Model III 48K dual disks. 


Ordering 

Systems Manual $ 35.00 

Basic System $100.00 

Development System . . $250.00 


VISA and Mastercard 

Please include expiration date and Card No. 

Write for your FREE copy of our catalog 




FAR WEST 

SYSTEMS & SOFTWARE, INC. 

P.O. Box 6582, Palo Alto, California 94305 (415) 941 -0900 


chase a small, $2,000 robot to connect to an already-owned 
personal computer than a $30,000 industrial-quality arm 
that requires an equally large and expensive control com- 
puter. The techniques used to program both machines are 
the same. 

The knowledge required to produce functional robots en- 
compasses several different fields of knowledge. The designer 
must understand the basic static and kinematic properties 
of mechanical structures; have a working knowledge of elec- 
tronics and sensor operation; and understand the intricacies 
of real-time programming, which binds the operation of all 
parts into a smooth rhythm. 

The experimenter maneuvering a newly-constructed 
mobile robot platform about the basement learns many im- 
portant lessons: 

• Control of mechanical devices 

• Writing real-time software control routines 

• Interaction with sensory information provided by bump- 
ers, phototransistor eyes, ultrasonic ranging devices, 
and sound detectors 

Industry benefits directly from experimenters in several 
ways. Today’s experimenters are tomorrow’s system designers. 
Before a technology can be used to its fullest potential, it 
must be well understood and accepted as just another tool 
for achieving a definite purpose. The experimentalists work- 
ing on their own projects are developing a working under- 
standing of robot technology. As a side effect, observers who 
see an interesting machine running about their neighbor’s 
home will find it difficult to see that robot as a threatening 
device. As more of these “home” or “personal” robots are 
developed, the general public’s potential fear of an unknown 
device will give way to a better understanding of a robot’s 
use, and acceptance of the new technological advance. 

The value of experimentation is summarized by the 
authors of Super Armatron, a student project to add com- 
puter control to a $30.00 plastic robot arm, “Although this 
robot arm can lift only 3 ounces, it provides an accurate 
microcomputer-controlled robot for experimentation. More 
importantly, the techniques used to construct and program 
Super Armatron can be directly applied to larger industrial 
robots.” □ 
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Develop The Ultimate 
Manufacturing 
Environment 


Xebec, the leading independent manufacturer 
of disk drive controllers, already supports the 
most advanced manufacturing environment 
in our industry. But we’re not stopping there. 
We’re committed to developing the ultimate 
manufacturing environment — dynamic, in- 
novative and directed by the hottest team of 
manufacturing experts in the business. 

Robotics Professionals 

The opportunity is here today for experts in 
robotics to shape the future of our man- 
ufacturing facilities. That means defining the 
state-of-the-art, not just installing it. It means 
creating the leading edge, not following it. 
Most of all, it means accepting the most 
stimulating, progressive challenge available to 
manufacturing professionals anywhere. 

Your efforts will be instrumental in our con- 
tinued technological leadership, and in the 
support of our high quality standards and 
zero-defect policy. In return, you’ll share the 
growth and success that has taken us from 
start-up to market leader. Advancement, ex- 
cellent benefits and competitive salaries are 
all part of working with Xebec, the CAN DO 
company. 


In addition to our exceptional environment 
and opportunities, life in Nevada’s Carson 
Valley offers an amazing range of advantages. 
Fresh air and country living are yours to en- 
joy, while Lake Tahoe and Reno lie just a 
short drive away. 


ROBOTICS HOTLINE: 

Robotics Professionals, including 
technologists, manufacturing engineers 
and managers, and production engineers 
can call our hotline for information 
about joining our team! 

CALL: (702) 265-4000 


Resumes may be sent to Human Resources 
Department, Xebec, Dept. RA , P.O. Box 
758, Gardnerville, NV 89410. We are an 
equal opportunity employer. 



The Zero Defect 
Company 
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Calendar 


JANUARY 

Call For Papers. International Conference on 
Design and Applications of Industrial Robots. 
The University of North Carolina at Charlotte, 
Charlotte, NC 28223. Contact: Dr. Surendra 
Dwivedi at (704) 5974190 or Mary A. McDaniel 
at (704) 597-2307. Suggested topics for the con- 
ference include: Representation Modeling; 
Sensors (tactile and vision); Manipulation; 
Locomotion; Intelligent Superstructure; and Ap- 
plications. Send abstracts (100 words) to Dr. 
Surendra Dwivedi by January 31. 

January 13-May 25. The Robot Exhibit: History, 
Fantasy, and Reality. American Craft Museum 
II at International Paper Plaza, 77 West 45th 
Street, New York, NY. Contact: Susan Harkavy, 
American Craft Museum II at International Paper 
Plaza, 77 West 45th Street, New York, NY 
10036. (212) 397-0605. 

The Robot Exhibit places the robot into social 
and historical context, tracing its nearly 
5000-year development by displaying approx- 
imately 200 objects and major illustrations. 
Topics to be covered include: The History of 
Robots and Automatons; Interpretations of 
Robots; and Working Robots. Working robots, 


robot sculpture, toys, prints, photographs, slides, 
books, and video tapes will be lent by public and 
private collectors, artists, designers, inventors, 
and robot manufacturers. 


MARCH 

March 19-21. IEEE 1984 International Con- 
ference on Acoustics, Speech, and Signal Pro- 
cessing. Sheraton Harbor Island Hotel, San 
Diego, CA 92131. Contact: Sam S. Vilione, In- 
terstate Electronics, 707 East Vermont Avenue, 
Anaheim, CA 92805. (714) 772-2811 X6327. 


APRIL 

April. Robot Olympics. California State College, 
San Bernardino, CA. Contact: Robot Olympics 
Committee, Computer Center, California State 
College, 5500 State College Parkway, San Ber- 
nardino, CA 92407. 

The first Robot Olympics will be held on a 
weekend in April. Sponsored by various robot 
manufacturers, software developers, publishers, 
and dealers, the weekend will also sponsor in- 
troductory and application workshops. Competi- 
tions are designed for school grades kinder- 
garten through 12. 


April 23-26. Robotics and Remote Handling in 
Hostile Environments. Sheraton Hotel, Gatlin- 
burg, TN. Contact: Norbert R. Grant at (615) 
574-7123 or Howard W. Harvey at (615) 
483-0228, or write to Technical Program Chair- 
man, PO Box 326, Oak Ridge, TN 37830. 

Plans are nearing completion for the 1984 
Topical Meeting, “Robotics and Remote Hand- 
ling in Hostile Environments” to be held at the 
Sheraton Hotel in Gatlinburg, TN, April 23-27, 
1984. The meeting is sponsored by the American 
Nuclear Society’s Remote Systems 'technology 
Division (ANS/RSTD) and the Oak Ridge/Knox- 
ville ANS Section. Session titles are: History of 
Manipulators and Robotics; Sensory Systems; 
Control 'technology; Manipulator and Robot Ap- 
plications; Remote Systems Applications in the 
Nuclear Industry— Fission; Remote System Ap- 
plications in Other Hostile Environments; 
Technology Development and Remote Systems 
Technology Developments at ORNL. 


MAY 

May 7-11. 1984 Computer Aided Engineering 
and Manufacturing Seminars and Exhibition. 
North Carolina State University, McKimmon 
Center, Raleigh, NC 27605. Contact: Alice 
Strickland, NCSU, Division of Continuing 
Education, Box 5125, Raleigh, NC 27650. (919) 
737-2261. 


TOTAL CONTROL: 


FORTH: FOR Z-80®, 8086, 68000, and IBM® PC 

GRAPHICS. GAMES. COMMUNICATIONS. ROBOTICS 
DATA ACQUISITION • PROCESS CONTROL 


• FORTH programs are instantly 
portable across the four most popular 
microprocessors. 

• FORTH is interactive and conver- 
sational, but 20 times faster than 
BASIC. 

• FORTH programs are highly struc- 
tured, modular, easy to maintain. 

• FORTH affords direct control over 
all interrupts, memory locations, and 
i/o ports. 

• FORTH allows full access to DOS 
files and functions. 

• FORTH application programs can 
be compiled into turnkey COM files 
and distributed with no license fee. 

• FORTH Cross Compilers are 
available for ROM’ed or disk based ap- 
plications on most microprocessors. 

Trademarks: IBM, International Business Machines 
Corp.; CP/M, Digital Research Inc.; PC/Forth + and 
PC/GEN, Laboratory Microsystems, Inc. 


FORTH Application Development Systems 

include interpreter/compiler with virtual memory 
management and multi-tasking, assembler, full 
screen editor, decompiler, utilities, and 130 + 
page manual. Standard random access files 
used for screen storage, extensions provided for 
access to all operating system functions. 

Z-80 FORTH for CP/M®2.2 or MP/M II, $50.00; 
8080 FORTH for CP/M 2.2 or MP/M II, $50.00; 
8086 FORTH for CP/M-86 or MS-DOS, $100.00; 
PC/FORTH for PC-DOS, CP/M-86, or CCPM, 
$100.00; 68000 FORTH for CP/M-68K, $250.00. 

FORTH + Systems are 32 bit implementations 
that allow creation of programs as large as 1 
megabyte. The entire memory address space of 
the 68000 or 8086/88 is supported directly. 

PC FORTH + $250.00 

8086 FORTH + for CP/M-86 or MS-DOS $250.00 

68000 FORTH + for CP/M-68K $400.00 

Extension Packages available include: soft- 
ware floating point, cross compilers, INTEL 

8087 support, AMD 951 1 support, advanced col- 
or graphics, custom character sets, symbolic 
debugger, telecommunications, cross reference 
utility, B-tree file manager. Write for brochure. 
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Laboratory Microsystems Incorporated 

4147 Beethoven Street, Los Angeles, CA 90066 
Phone credit card orders to (213) 306-7412 


JUNE 

June 4-7. Robots 8. Cobo Hall, Detroit, MI. Con- 
tact: Jeff Burnstein, Robotics Institute of 
America, PO Box 1366, Dearborn, MI 48121. 
(313) 271-0778. 

Robots 8 is the eighth annual national show 
sponsored by RIA. 


JULY 

July 9-12. 1984 National Computer Conference. 
Las Vegas Convention Center, Las Vegas, NV. 
Contact: Ann-Marie Bartels, Las Vegas Conven- 
tion Center, Las Vegas, NV. (702) 558-3613. 

Enhancing Creativity is the theme of the 
twelfth annual NCC. The conference will focus 
on how the widespread availability of computing 
resources is altering the office, factory, and home. 


NOVEMBER 

November 27-29. Robots-West. Anaheim Con- 
vention Center, Anaheim, CA. Contact: Jeff 
Burnstein, Robot Institute of America, PO Box 
1366, Dearborn, MI 48121. (313) 271-0778. 

Robots-West is RIA’s first regional show. It will 
feature exhibits by leading robot manufacturers 
and component suppliers. Approximately 6,000 
visitors are expected to attend the three-day ex- 
position and conference. 
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Join the robotics 
revolution now! 



With TeachMover, the 
low-cost, self-contained 
developmental robotic 
arm. 

Microbot's new Teach- 
Mover robotic arm brings 
unique freedom to robotics 
development with its exclu- 
sive 13-mode "teach control." 
This simple set of buttons lets 
you program complex rou- 
tines with ease — without 
having to learn languages or 
enter long commands. No 
other comparable unit has 
anything like it. 

Priced at only $2,795, the 
TeachMover is ideal for engi- 
neers, educators, and hobby- 
ists alike. It has: 

• Five axes of movement so 
that it closely simulates A 
full- scale industrial 
robots 
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• An onboard microprocessor 
with RS232C interface to 
allow operation with most 
computers 

• A built-in "intelligent" 
gripper that can sense 
objects and their size 
Joining the robotics revolu- 
tion is easy with the TeachMover 
from Microbot. For more in- 
formation on the TeachMover 
and other Microbot products, 
call toll-free (800) 227-8909 

for the name of the Microbot 
representative nearest you. 

In California or outside the 
continental U.S., call collect 
(415) 968-8911. 

• MICROBOT 

Microbot, Inc. 

453 -H Ravendale Drive 
Mountain View, CA 94043 
Telex: 4992310 
Eastern Regional Sales Office: 
703/455-5088 


State 


Join the Microbot user group! 

Share your applications, software 
development projects, and ideas in a 
newsletter offered free through no-cost 
membership in the Microbot user group. 
For details, fill out and mail this coupon to 
Microbot, Inc., 453-H Ravendale Drive, 
Mountain View, CA 94043. 


Name. 

(Title)- 


(Company). 

Address 

City 


ZIP. 


Telephone . 
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Sensory 

Perceptions 


Mines Given Voice. Last September, Mimic, Inc. 
delivered a prototype voice warning system to 
the U.S. Department of the Interior's Bureau of 
Mines. The Vocal Output for Industrial Systems 
(VOIS™) system plays prerecorded messages 
from EPROM to alert vehicle operators to 
dangerous conditions. Messages can be activated 
either by hard-wired switches or an external com- 
puter connected via a parallel I/O port. The use 
of voice in control situations is designed to pro- 
vide a maximum amount of information direct- 
ly to vehicle operators without requiring them 
to shift their attention away from their work. For 
more information about VOIS, contact: Steve 
Thurston, Mimic, Inc., PO Box 921, Acton, MA 
01720. (617) 263-2101. 

Mobile Market. T\vo studies by SRI Interna- 
tional reveal an existing market for nearly 
100,000 mobile robots. Immediate uses include 
bomb disposal, private security robots, and 
firefighting hose carriers. The studies, commis- 
sioned by Odetics, Inc., also predict a market 
in many other industries including: mining, oil 
exploration and production, cargo handling and 
storage, commercial nuclear, medical, law en- 


forcement, and utilities. 

In addition to describing detailed needs in 
specific fields, SRI International’s studies show 
the need for versatile mobile robots designed 
to perform specific tasks. The researchers believe 
“mobile robots will have a tremendous impact 
on industry. They have the potential of expan- 
ding man’s work to inaccessible areas.” Odetics, 
Inc., has already expanded the frontiers of mobile 
robots with their introduction last March of the 
Odex I Functionoid, their six-legged walking 
machine. 

Naval Robots. A new laboratory dedicated to 
studying robotic applications for navy uses was 
formally opened on 21 October at the Naval Sur- 
face Weapons Center in White Oak— Silver 
Spring, Maryland. Vice Admiral Fowler, Jr., USN 
Commander of the Naval Sea Systems Com- 
mand, stressed both the need to streamline the 
the construction and repair of Navy vessels and 
the need to closely support educational institu- 
tions working in the field. 

The new laboratory’s main thrust is the adap- 
tation of existing robot technology to Navy ap- 
plications. Robot system displays included a Cin- 


cinnati Milacron HT 2 2 3 3, Odetics Odex I Func- 
tionoid, and a Seam Automated Welding System 
designed by Robotic Vision Systems. Also draw- 
ing crowds were Robart I and II. Designed and 
constructed by LCDR. Hobart Everett, the 
home-built Robart I was designed as a sentry 
robot and served as the subject of Hobart’s thesis 
at the Naval Postgraduate School at Monterey, 
California. Robart II is being constructed under 
the auspices of the Naval Sea Systems Command 
as a mobile sensor test bed. The Robart I system 
was featured in the March/April 1982 Robotics 
Age. 

Improving Imaging Transducers. Alta 
Technology, Inc., a manufacturer of transducers, 
is sponsoring a research associate at the National 
Bureau of Standards to improve the performance 
of electromechanical transducer arrays that 
employ piezoelectric polymers. Their arrays are 
useful in medical ultrasound imaging devices for 
diagnostics and in underwater acoustic cameras 
for object detection. Dr. Claude Massot of Alta 
Technology will work to develop a theory on non- 
propagating acoustical modes for transducer and 
experimental arrays to better understand per- 
formance with regard to sensitivity, angular 
dependence, and crosstalk. 

Educational Tools. We continue to receive in- 
formation from companies offering educational 
robotic devices. The latest is from Eshed 
Robotec, Ltd. in Tel Aviv, Israel. Eshed Robotec 
offers complete educational packages consisting 
of microcomputer support and robot arms. The 
study system comprises use of educational 
robots, projects with microcomputers, study 
material for teachers and students, audio visual 
aids, and laboratory and theoretical exercises. 
For more information contact Eshed Robotec, 
PO Box 28346, Tbl Aviv, Israel. 

Robotorium. Debbie Huglin operates the 
Robotorium, a tiny shop at 252 Mott Street in 
New York City. Debbie, who is a kinetic sculptor, 
sells a variety of mechanical gadgets ranging 
from wind-up animals to Rhino arms. Although 
few of the Robotorium’s wares could be con- 
sidered functional robots, they are all enjoyable. 
“There’s no point in having a robot around the 
house if you can’t go out and play with it, too,” 
states Ms. Huglin. 

New Journal. Robotics and Computer- 
Integrated Manufacturing is a quarterly publica- 
tion which will begin publishing in January, 1984. 
Articles will cover topics such as control systems, 
languages, expert systems, processing bulk 
materials, machine tool error reduction, produc- 
tion scheduling, manufacturing systems model- 
ing simulation, and high precision engineering 
and factory automation. Subscriptions are 
$45.00 per year. For more information contact: 
Pergamon Press, Inc., Maxwell House, Fairview 
Park, Elmsford, NY 10523. 


NOW ANYONE CAN 
TALK TO HERO-1™ 


ANDROTEXT is a high-level 
language for programming 
personal robots. 

If you can understand BASIC 
or FORTRAN, you can write 
ANDROTEXT. 



Send lor details 



Mail to: Robotronix Inc., Box 1 125 
Los Alamos, NM 87544 


Name_ 


RM#IMNIX 


HERO-1 is a trademark 
of Heath Company 


Computer. 
Address _ 
City 


State 


-Zip 
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Mow you tan program HERO I ™ 
from your computer. 

It’s a breakthrough by the crack 
robotics team at Virtual Devices! Meet 
MENOS 1: the control system that brings 
HERO to life. 

MEMOS I's software makes HERO 
more fun to operate. 

It’s as fast and easy as programming 
your PC. Because MENOS takes full 
advantage of a computer’s keyboard, 
memory, and disks — to save you months 
of time and frustration. 

MENOS even performs a diagnostic 
check every time you start operating. And 
when you write programs in our high-level 


robotic language, MENOS prompts you and 
checks your syntax. You can edit quickly, 
then download programs to HERO. 

A split window display of motor posi- 
tions and sensor readings lets you monitor 
HERO’s execution of your program. Or 
you can simulate the execution right on your 
computer screen. So you don’t even need a 
robot to learn robotics! 

MEMOS I's hardware gives HERO 
a mind of its own. 

Besides a more powerful micropro- 
cessor and an RS-232 port, you get 34K of 
memory, with 3 operating systems in ROM — 
including an upgrade of HERO’s own. Plus 4 
expansion slots for more breakthroughs. 


Our fee is very reasonable. 

Especially now through March 31,1984, 
when the introductory price is just $395 . 
With a 30-day money-back guarantee and 
a full year’s warranty on parts and labor. 

To find out more, call us or write us 
at P.O. Box 30440, Bethesda, MD 20814. 
Better still, order today. And get ready to 
perform a heroic feat of surgery. 


Call toll-free: 1-800-T62-ROBO. 

In Maryland, 301-986-1702. 


, viRTUAl 
QEVICES 


INC. 


WORLD’S FIRST 
BRAIN TRANSPIANT 
PERFORMED ON ROBOT. 



Educational 

Directions 


Over the past two years, a joint research team 
from Duke University and the Lord Corporation 
has launched numerous research tasks on 
machine intelligence through touch sensors. The 
two coprincipal investigators are Professor Paul 
P. Wang of Duke University and Jack Rebman 
of Lord Corporation. A summary for each of 
the four central research themes follows, along 
with the name of the researcher directly con- 
nected with each project. For more information 
contact: Professor Paul P. Wang, Department 
of Electrical Engineering, Duke University, 
Durham, North Carolina, 27706. 


A Pattern Recognition Scheme Using Natural 
Features for Low-Resoiution Images 

(Technical Report Robotics-EE-82-01, Richard 
J. Auletta.) We demonstrated a pattern recogni- 


tion scheme based on the area, perimeter, and 
sides of a pattern using a 16 by 16 binary image. 
The goal was to distinguish between simple geo- 
metric shapes. A four-window binary boundary 
tracking edge detection algorithm is used to ob- 
tain a one-dimensional string from which the 
area, perimeter, and side information is derived. 
The area and perimeter are calculated directly 
from the edge detection algorithm while the side 
information is obtained through a methodology 
based on the theory of formal languages. A sim- 
ple error function compares the extracted 
features with information stored in a standard 
mask of known shapes to determine which shape 
is generating the pattern. 


Automatic Recognition of Low-Resolution 
Tactile Sensing Data Using Rapid Transformation 

(Technical Report Robotics-EE-82-02, Kai- 


Kuang Ma.) From a practical viewpoint, a touch 
sensor should work well in minimally ordered 
and structured environments. Recognition fea- 
tures should be chosen to be independent of 
a silhouette's position and orientation. After 
some analysis, we selected a Rapid Transforma- 
tion algorithm to extract the features. The 
sequential similarity detection algorithm with 
normalization is used to match test patterns 
against standard stored patterns. 


Pattern Recognition Schemes for a Touch 
Sensor Array Based on Moment Invariant and 
Circle Search Methods 

(Technical Report Robotics-EE-82-03, Masaki 
Togai.) Our goal was the recognition of geometri- 
cal patterns independent of position, size, and 
orientation within a touch sensing array. The 
recognition techniques had to be simple and 
capable of distinguishing low-resolution images. 
The implementation had to allow real-time pro- 
cessing using microprocessors. The study is 
primarily concerned with binary images, but the 
schemes developed can be used to recognize 
gray-scale images. To evaluate the algorithm’s 
effectiveness, geometric shapes placed on a 32 
by 32 touch sensor array were simulated by com- 
puter. The results show that this recognition 
scheme can achieve position, size, and orienta- 
tion independence, as well as distinguish low- 
resolution images. 


Recognition of Simple 3-D Geometric Objects 
Via a Lo w-R esolutio n Gray-Scale Tactile Sensor 

(Technical Report Robotdcs-EE-82-05, Erik L. 
Hedberg.) Moment invariant algorithms were 
tested as a gray-scale pattern recognizer using 
six primitive geometric features. The primitive 
features include a vertex, straight edge, curved 
edge, flat plane, spherical plane, and cylindrical 
plane. Gray-scale patterns were obtained from 
an 8 by 8 array of low-resolution tactile sensors. 
Orthogonal bases (derived from the moments 
of various orders) of each pattern for each ob- 
ject were calculated and statistically analyzed 
from a learned base. A minimum distance clas- 
sifier was used on the learned clusters to 
recognize primitive patterns from an entirely in- 
dependent data set. Promising recognition rates 
were obtained for the low-resolution gray-scale 
tactile sensor. 



UCLfl 

EXTENSION 


Smart 

Systems 

and 

Human 

Factors 

in 

Battlefield 

Robotics 


January 30-February 1, 1984 
in Los Angeles, California 


For managers of robotics/ 
automation programs, developers 
of advanced weapon systems, 
researchers in the field of 
intelligent automation, C 3 system 
designers, and human factors 
engineers. 

This three-day short course 
provides new concepts, method- 
ologies, and specific technologies 
which are directly applicable to 
the development and realization 
of smart weapon systems for a 
1990-2000 time frame. 

It introduces generic approaches 
that should allow system devel- 
opers to meaningfully apply 
state-of-the-art techniques in 
human factors engineering and 
man-machine interface design, 
advanced automation and expert 
systems, user models, and 
information management aids to 
various current and projected 
application areas in battlefield 
robotics. 

For detailed information, contact 

UCLA Extension, Dept. RA, 
6266 Boelter Hall, UCLA, 
Los Angeles, CA 90024; 
(213) 825-1047. 
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★★★★★★★★★★★★★★★★★ Announcing ★★★★★★★★★★★★★★★★★ 

SENSORS 

THE JOURNAL OF MACHINE PERCEPTION 


^^omputers are deaf, dumb and blind. To interact with a 
real-time process, an intelligent machine must perceive the 
world to make up for its inherent limitations. SENSORS, The 
Journal Of Machine Perception, is devoted to the black art 
(rapidly becoming engineering science) of measuring and in- 
terpreting the real world in real time in practical engineering 
terms. 

SENSORS deals with fundamental issues of how computer 
systems perceive, analyze and gain information about the real 
world. Today's intelligent machines frequently must perceive 
quantities — from mass to radiation, from charge to force, 
from pressure to acidity. Many, many techniques and details 
enter into the art of perception by computer— all subject to 
critical discussion and presentation in the pages of SENSORS. 

Theoretical issues of immense practical importance provide 
a continuing source of articles in SENSORS. How do the 
statistics of measurement interact with our understanding? 


How do fundamental physical principles interact with our 
ability to measure? What are the fundamentals of chemical 
sensors — and their greatest problems? What current 
laboratory measurement practices are about to break out into 
the world of commercially available devices? SENSORS, The 
Journal Of Machine Perception covers this broad inter- 
disciplinary field — for the first time assembling information in 
one publication that is typically spread over a range of elec- 
tronics, computer, scientific and engineering journals. 

The first issue of this exciting new monthly publication ap- 
pears in January, 1984. Complete the SENSORS magazine 
Subscription Qualification Form below and mail it to us by 
December 1, 1983. Your FREE subscription to SENSORS will 
start with the January 1984 Charter issue. SENSORS joins 
Robotics Age and Bar Code News as the newest North 
American Technology technical publication. 


TEAR ALONG THIS LINE 

Special CHARTER Subscription Qualification Form 


► I design systems which must sense and inter- 
pret information from: 

□ acceleration 

□ acidity (Ph) 

□ bar codes 

□ capacitance 

□ characters (as in OCR) 

□ charge 

□ distance 

□ fluid flow 

□ fluid levels 

□ inductance 

□ light 

□ magnetic fields 

□ mass 

□ mechanical motion 

□ microwaves 

□ photons 

□ pressure 

□ radiation 

□ sound 

□ specific chemical reactions 

□ temperature 

□ time 

□ velocity 

□ visual objects 

□ voice recognition 

□ voltage 

□ X-rays 

□ Other 

► Please check the box corresponding to 

number of employees at this location. 

□ 1-24 □ 251-500 

□ 25-50 □ 501-1000 

□ 51-100 □ Over 1000 

□ 101-250 

► In what application areas are you using 
modern sensor technology? Please check all of 
the following boxes which apply: 

□ Industrial Robotics 

□ Personal Robotics 

□ Pattern Recognition 

□ Medicine 

□ Organic Chemistry 

□ Genetic Engineering 


□ Physics & Astronomy 

□ Aerospace 

□ Military 

□ Chemistry 

□ Geology 

□ Remote Sensing 

□ Biology and Ecology 

□ Agriculture 

□ Manufacturing & Production 

□ Consumer Electronics 

□ Other 

► Please check the one box which best 
describes your company or organization's prin- 
cipal activity at your location: 

□ Manufacturing 

□ Scientific /Engineering Research 

□ Product Design 

□ Consulting 

□ Education 

□ Other 


► Please check the one box which best 
describes your principal job function, occupa- 
tion and/or title: 

□ Corporate Management: Owner, Partner, 
President, V.P., etc. 

□ Operating Management 

□ Engineering Management 

□ Research and Development Management 

□ Design Engineer 

□ Lab Assistant /Technician 

□ Reliability Engineering 

□ Test Engineering 

□ Research and Development 

□ Manufacturing and Production 

□ Purchasing 

□ Marketing and Sales 

□ Professor/Instructor At: 

□ Student At: 

□ Graduate Student At: 

□ Other: 
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Special CHARTER Subscription Qualification Form 

□Yes, i would like to receive SENSORS magazine every month. 


Signature 



Name 

Title 


Company 


□ HomeD Business 

Address 




City State Zip 


Country 

(Subscribers outside the U.S. please remit postal charges as follows: Canada/ Mexico— $4 per year; All other countries— $8 per 
year. Foreign subscriptions must be accompanied by payment in U.S. funds drawn on a U.S. bank.) 


- TEAR ALONG THIS LINE AND STAPLE 



BUSINESS REPLY MAIL 

FIRST CLASS PERMIT 256 PETERBOROUGH, NH 
POSTAGE WILL BE PAID BY ADDRESSEE 

SENSORS 

NORTH AMERICAN TECHNOLOGY, INC. 
174 CONCORD STREET 
PETERBOROUGH, NH 03458 


NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 
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PERSONAL ROBOTS 

peripherals and software for Personal Robots 

VOICE COMMAND SYSTEM FOR HERO 

MICROMATION proudly presents a new peripheral for HEATHKIT’S® HERO-1 robot which elevates the robot to a new level of sophistica- 
tion. We call this peripheral a Voice Command System (or VCS) because it not only consists of a voice recognizer, but also an advanced 
level machine language program for the robot which actually allows you to program robot movements by voice. We call the voice recognizer 
VOREC and the voice driven program VOCOL (VOice COmmand Language). Highlights of these two important parts of the VCS are 
described below. _ „ 

VOREC * VOCOL 


VOREC is a powerful, microprocessor controlled, speech recogni- 
tion board which mounts next to, and interfaces with, our HERO-1 
MEMCOM BOARD. The recognizer has the following principal 
features and specifications: 

• Speaker-dependent recognizer with nearly instantaneous word 
recognition rates. 

• Recognition accuracy about 98%. 

• Vocabulary of up to 256 words (stored as 16 word groups with 
16 words in each group for greater recognition accuracy). 

• I6K of onboard static RAM of which I4K is battery backed to retain 
recognized word parameters during power down. 

• RS232 port for receiving commands from, and reporting status 
and words recognized to, the host (HERO). 

• Highly sensitive audio input circuitry requires only an external 
speaker for audio input rather than a microphone. (This allows robot 
to receive commands from up to 15 feet away.) 

• Utilizes state-of-the-art high speed (HC) CMOS chips and the new 
CMOS 65C02 microprocessor for ultra low power consumption. 
Complete board consumes an incredibly low 45 ma while active and 
I ma when inactive. 

• Speech recognition is accomplished by a software algorithm con- 
tained in a 2K EPROM. (Future product updates will require only 
replacement of this EPROM.) 


This software is even more amazing than the voice recognition 
hardware. VOCOL is like a high level language for the robot (such 
as BASIC) which supports both deferred and immediate execution 
modes. The only difference is in BASIC you "write it,” and in VOCOL 
you "speak it." The software is provided on an EPROM which plugs 
into a memory socket on our HERO-1 MEMCOM BOARD. VOCOL 
has the following principal features: 

• When first run, the robot talks to you through a voice training ses- 
sion in which you are asked to repeat words in his command 
vocabulary three (3) times. 

• Following this training session, you can literally talk in a program 
of movements for later execution, or command immediate move- 
ment by voice. 

• The robot prompts you for a command and when received, repeats 
it back to you for verification. If verified and if in immediate execu- 
tion mode, the robot will execute the movement. If in deferred ex- 
ecution mode, the robot proceeds to write a machine language pro- 
gram in his memory for later execution. When your program of 
movements is complete, you signify this with a "STOP" command. 
A "GO" command will then cause the robot to execute the pro- 
gram it wrote in memory. After execution, the robot returns to the 
command mode. 

• Complete instructions and installation manual. 


'These products are compatible with all personal computers 

The Voice Command System manual contains a complete description of how to use the VOREC board under program control from 
HERO. The 6808 Source Code for VOCOL is available on an APPLE® DOS 3.3 disk at additional cost. This source code is compatible 
with the SC-6800 CROSS ASSEMBLER. 

VOCOL Source Code $55.00 (not sold separately) TOTAL SYSTEM PRICE $595.00 


POET 

"^^^^his is an Artificial Intelligence program similar in concept to STORYTELLER, but more advanced. The program uses an advanced self- 
programming technique which allows the robot to speak self-generated, random three line Haiku poems on an endless list of subjects. 
After HERO speaks a poem and likes it enough, he will make a comment about it or do some meaningful body movement. 

PRICE: TAPE (machine code) $20.00 PRICE: DISK (source code) $30.00 


HERO MEMCOM BOARD* 

This product provides a means to develop programs for the robot 
using a personal computer, and expands the robot’s memory with 
an additional 30K of RAM. This product includes: 

• Two 8-bit bi-directional parallel ports with handshaking lines for 
superfast data transfers between the robot and a computer (con- 
nects directly to our APPLE-HERO COMMUNICATOR board), plus 
two 16-bit timers. 

• An RS232 serial port for two-way communications between the 
robot and any computer having an RS232 serial port. 

• Serial communications software in an onboard EPROM which allows 
uploading/downloading of programs via the serial port. 

• Complete instruction manual and schematics. 

PRICE $295.00 

‘These products are compatible with all personal computers. 


APPLE-HERO COMMUNICATOR 

This product provides the hardware and software necessary to 
implement two-way high speed parallel communication between an 
APPLE® computer and a HERO-1 robot equipped with our HERO 
MEMCOM BOARD. It includes: 

• A peripheral card for an APPLE that contains two 8-bit parallel 
ports with handshaking lines, and two 16-bit timers. 

• Data transfer software for the APPLE board and for the HERO 
MEMCOM BOARD burned into two 2716 EPROMS. These programs 
provide ultra fast two-way communications. 

• A disk containing heavily commented 6808 and 6502 source codes 

for the communications software. These source codes are compati- 
ble with the S-C MACRO ASSEMBLER and the S-C 6800 CROSS 
ASSEMBLER available for the APPLE from the S-C SOFTWARE COR- 
PORATION. PRICE $159.00 


send check or money order to: 

MICROMATION INC. 

9104 Red Branch Rd. 

Columbia, MD 21045 


(Mort»-Cordj 


Add $3.00 for shipping. 


For information call: 

( 301 ) 730-1237 

9 am-5pm Monday through Friday 
MasterCard & Visa welcome 
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Robots in 

Batch Manufacturing 

The Westinghouse APAS Project 


According to many experts, assembly is the 
next growth area for the application of 
robotics. Bernard Miller, Manager of Pro- 
grammable Automation at Westinghouse 
Electric Company’s Industry Automation 
Division in Pittsburgh says, “It’s my personal 
hunch that we are about two years away 
from significant application of robots in 
assembly.” 

Miller made that statement during a re- 
cent workshop at which Westinghouse 
presented results of its APAS (Adaptable, 
Programmable Assembly System) project 
to representatives from industry, govern- 
ment, and academia. He added that the two 
years might stretch to five, depending on 
the state of the economy, but he left no 
room for doubt that robots will soon move 
beyond “hot, heavy, and hazardous” to 
tedious and repetitive work. 

Assembly takes place in industries rang- 
ing from automobile manufacturing to 
sophisticated electronics. Parts come in a 
wide range of shapes, sizes, colors, and 
materials. These parts are assembled using 
a variety of techniques. In all cases, the tasks 
are similar: take one piece after another, 
then put the pieces together according to 
a prescribed recipe until you achieve the 
desired result, a widget of one kind or 
another. 

In most cases, the widgets are made in 
relatively small batches of tens or hundreds 


All photographs and figures used courtesy of Westinghouse 
Electric Corporation. 
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Alfred B. Bortz 
1312 Foxboro Drive 
Monroeville, Pennsylvania 15146 


of identical items. Each batch is similar to 
the last, but requires a somewhat different 
recipe, producing a recognizably different 
product. This process is known as batch 
manufacturing and is characteristic, accord- 
ing to Westinghouse statistics, of 75 per- 
cent of all manufacturing and 22 percent 
of the gross national product of the United 
States. 

Batch manufacturing is labor-intensive 
and not easily automated. Westinghouse, 
like many other American manufacturers, 
became concerned about a change in the 
historical pattern of productivity growth in 
the mid-1970s. Productivity began to level 
off, while costs continued to rise. The long- 
range profitability of batch manufacturing 
was clearly in jeopardy. 


APAS: A Brief History. As the productivi- 
ty growth pattern changed, the National 
Science Foundation (NSF) became con- 
cerned about the lack of industrial invest- 
ment in the results of university research. 
To encourage application of promising new 
ideas, NSF began a new program called 
RANN, Research Applied to National 
Needs. The concerns of Westinghouse and 
NSF came together, and the result was a 
1977 Westinghouse proposal for a project 
which led to APAS. 

The project began with a $300,000 study 
phase, including $75,000 of Westinghouse 
money, to identify a product which would 
be well-suited for an APAS demonstration. 


Westinghouse soon settled on the fractional 
horsepower electric motor, a product it sells 
by the millions and manufactures in batches 
of a few hundred. Westinghouse small 
motors come in eight classes and 450 styles. 
Sales average 1 million motors per year, and 
a representative batch has 600 motors. 

An assembly line averages 13 style 
changeovers per day. Assuming one hour 
per changeover, as much time is spent be- 
tween batches as in assembling motors. 

Westinghouse had found an application 
in need of an assembly system which adapts 
to variability in parts and positioning and 
which is programmable over a range of 
product variations. Westinghouse reported 
its findings to the National Science Foun- 
dation which agreed to fund Phase A of 
APAS with an award of $627,000 for the 
development of a detailed engineering 
design over an 18-month period. Westing- 
house agreed to contribute $125,000 of its 
own funds. 

The design called for a two-phase proj- 
ect to manufacture motors. In Phase B, 
Westinghouse would build an assembly line 
to make “end bell” subassemblies. Then the 
assembly equipment would be tom down 
and reused in Phase C, the manufacture of 
complete motors from end bell subassem- 
blies, rotors, and stators. 

Westinghouse incorporated the results of 
several important university research pro- 
grams into the design, among them the 
Stanford Research Institute (SRI) vision 
system, Professor Geoffrey Boothroyd’s 


pioneering work in parts feeding at the 
University of Massachusetts, and the work 
on remote compliance, selective com- 
pliance, and other assembly techniques 
developed at the Charles Stark Draper 
Laboratories of MIT. 

NSF agreed to fund the engineering cost 
of the project, one phase at a time, as long 
as Westinghouse agreed to purchase the 
equipment. Phase B began with a $303,000 
commitment from NSF and $400,000 
worth of equipment. 

As frequently happens in a system design 
project, the original cost estimate was soon 
discovered to be low. In this case, the dif- 
ference was remarkable. Programming cost 
estimates, especially in vision applications, 
soared, and Westinghouse requested an ad- 
ditional $455,000. The amount is remarka- 
ble, and so is the moral of the story: in 
developing a new system, software costs 
often equal or exceed hardware costs. 

Even the additional $455,000 did not ful- 
ly cover the cost growth in the system, but 
Westinghouse continued work for a full year 
after the NSF money ran out. To the credit 
of Westinghouse engineers, when the time 
came to display APAS, they showed its prob- 
lems as well as its successes, and they noted 
the lessons learned from both. 



Photo 1. The Westinghouse Adaptable Programmable Assembly System (APAS) in operation. End bell 
subassemblies for fractional horsepower electric motors are automatically assembled beginning at the robot 
station at the top center of the picture and proceeding counterclockwise to the station nearest engineer Brian 
Ottinger. APAS, funded jointly by the National Science Foundation and Westinghouse, provided many lessons 
in the application of automation and robot to batch manufacturing. According to Westinghouse, batch manufac- 
turing is characteristic of 75 percent of all manufacturing and 22 percent of the gross national product of 
the United States. 


APAS Lessons. One of the lessons, Bernard 
Miller pointed out, was that the robotics 
business is changing so fast that what 
started out as a significant advancement to 
the state of the art ended barely ahead of 
the industry five years later. ’’Don’t lock 
yourself into a long-range program," he 
warned his audience. 

For that reason, among others, NSF 
opted not to continue beyond Phase B. Alex 
Schwartzkopf of NSF praised APAS and 
noted that it had already taught the people 
of the manufacturing industry most of what 
they had hoped to learn. 

Within a few years, the lessons of APAS 
will begin to pay off in batch manufactur- 
ing. For now, it is a useful case study of the 
limits of current technology and the possi- 
bility of renewed productivity growth in the 
near future. 

The System. Photo 1 shows APAS in its 
final state, a rectangular transfer line ar- 
rangement with four robots and a consid- 
erable amount of original and conventional 
parts-handling equipment performing tasks 
at five stations. A sixth station was 
eliminated due to engineering difficulties. 



Photo 2. APAS station 101. APAS uses an extended version of the SRI vision software to identify the end 
bell to be assembled. TVansmitted infrared light is the main source of illumination for the vision system, station 
101 determines the end bell’s orientation, then grips it, rotates it, and places it on a special pallet that preserves 
the orientation through the entire assembly process. 
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engineers improved the communications in- 
terface between the camera and computer, 
adding preprocessing hardware to increase 
its speed. They also put substantial effort 
into improving the implementation of the 
image-processing algorithms. 

Westinghouse determined that transmit- 
ted infrared light was the best choice for 
object illumination. The SRI system is a 
binary vision system (black-and-white only, 
without shades of gray), and variations in 
the reflectivity of the painted surface 
preclude the use of reflected light. The 
choice of an infrared light source minimizes 
problems due to ambient light. 

The vision algorithms provide informa- 
tion about end bell characteristics such as 
total dark area and the number, size, and 
position of holes. The PDP-11/23 computer 
which controls this station as well as sta- 
tion 106 has a library of end bell charac- 
teristics in its memory; thus it can compare 
the image in the vision system to the ex- 
pected characteristics of a variety of end 
bells. At present, this information is used 
only to make an accept/reject decision 
based on the end bell which the operator 
has told the station to expect. Photo 3 
shows some typical end bells and their im- 
ages as seen by the vision system. 

If the end bell is rejected, the Puma arm 
uses the position information provided by 
the vision system to find it, pick it up with 
its specially designed gripper, and drop it 
in the reject bin. If the end bell is accepted, 
the Puma arm picks it up, rotates it, and 
places it on a specially designed pallet in 
the correct orientation. 

The pallet design takes advantage of the 
fact that all 450 motor styles have four holes 
in a standard-sized square pattern. The pal- 
let preserves the orientation, established at 
station 101, throughout the rest of the end 
bell assembly process. 

The gripper design, according to Bernard 
Miller, is crucial to the success of this sta- 
tion. He describes it as “a win/lose area.” 
The gripper must be well-suited to the end 
bell and must be somewhat forgiving of nor- 
mal variations in the position of the end bell 
as determined by the vision system. Photos 
4 and 5 illustrate the special features of the 
pallet and gripper. 

Vision software is another win/lose area. 
All of the stations, including 101, are ex- 
pected to complete their tasks within a 
7.5-second cycle time (chosen to be equal 
to the production rate of five standard 
assembly lines). That time constraint places 


Photo 3. Typical end bells and their images as seen by the vision system at APAS station 101. 


Photo 4. A detailed look at the station 101 end bell gripper. This gripper’s mechanical design, as well as 
several other APAS elements were “a win/lose area,” according to Bernard Miller, Manager of Programmable 
Automation at Westinghouse’s Industry Automation Division. 


That station employed fixed-purpose auto- 
mation; thus it was not sufficiently impor- 
tant to the goals of APAS to justify the 
additional cost to complete its development. 

Beginning with the Unimation Puma 
robot at the top center of the picture and 
proceeding clockwise to another Puma 
closest to the engineer, the picture shows 
the five stations, each of which had its own 
set of problems and lessons for the West- 
inghouse engineers. Each station also has 
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lessons for people who are trying to make 
a judgement about what tasks are can- 
didates for automation or robotization and 
about when the technology will be mature 
enough to automate or robotize those tasks. 

Station 101: End Bell Identification and 
Palletization. Station 101, shown in photo 
2, uses vision to identify end bells and deter- 
mine their position and orientation. Build- 
ing on the SRI vision system, Westinghouse 






significant demands on the vision software. 
Vision, however, is one area in which prog- 
ress has nearly caught up with APAS. Miller 
says that commercial gray-level vision 
systems that can determine orientation 
within the required cycle time will soon be 
available. 

Station 102: Making the Lubricating Wick. 
Station 102, deleted from the final APAS 
demonstration system after considerable 
work had been done on it, was designed 
to install a lubricating wick. At that station, 
fixed-purpose automation, based on a 
custom-made pick-and-place arm, added a 
felt wick and a plastic cage. These parts pro- 
vide oil to the rotor shaft during motor 
operation. 

Station 103: Cap, Ring, Washer. The third 
APAS station, station 103, barely visible in 
the rear on the right side of the transfer line 
in photo 1, is illustrated in detail in photo 
6. At that station, three concentric parts 
are added to the end bell: a steel cap, a felt 
ring, and a metal thrust washer. At this sta- 
tion, the robot is simple, and the parts 
handlers and grippers are innovative. This 
station also injects two lubricants into the 
end bell. 

The robot at station 103 is a simple 
Autoplace pneumatic arm with fixed stops 
for its rotational motion. Westinghouse 
modified the robot by adding a specially 
designed servocontrolled waist to provide 
more flexibility in positioning. When sta- 
tion 103 was built, no commercially 
available robots provided the degree of flex- 
ibility needed there. Some, like the 
Autoplace, provided too little flexibility; 
others provided too much. Choosing to 
modify the Autoplace was a deliberate ex- 
periment in robot economics. 

Tbday, Westinghouse would have no need 
to experiment. There are now commercially 
available robots that provide the capability 
needed in this station at a much lower cost 
than the modified Autoplace. 

Station 103, like station 101, is controlled 
by a PDP-11/23 computer. It was the first 
station to be built, and unlike the later sta- 
tions, its interlocks are controlled by hard- 
wired logic, which, of course, is not easily 
modified. The problems of hardwired inter- 
lock logic provided a lesson that was ap- 
plied to all the later stations; all stations but 
103 have programmable controllers for 
their interlocks. 

The gripper design for this station, shown 


Photo 5. Another view of station 101, showing the robot holding an end bell just above the specially-designed 
pallet that preserves the end bell’s orientation throughout the assembly process. 


Photo 6. APAS station 103. At this station, three concentric parts are added to the end bell. The mechanical 
design of the gripper and part-feeding mechanisms were important aspects of this station. Westinghouse’s 
decision to modify a commercially available robot to add one degree of freedom at considerable expense was 
a deliberate experiment in robot economics. 


in photo 7, represents a significant techno- 
logical advance. It is a three-stage device, 
using different holding techniques for each 
of the three pieces as it picks them up and 
nests them concentrically before adding 
them to the end bell. As in station 101, the 
gripper design makes the robot successful. 
Picking up three parts in one gripper rather 
than using three grippers make it possible 
to perform the operations at station 101 
within the required cycle time. 


Worth noting, although they are beyond 
the scope of this article, are the parts 
handlers. APAS experience convinced 
Westinghouse that using belts is superior 
to traditional vibratory feeding techniques. 
For a number of pieces, orientation or 
roundness are important. Skim blades and 
bumps cause pieces to fall into desired 
orientations or reject pieces in unwanted 
orientations. Moving cords squeeze felt 
rings, then spin them into nearly perfectly 
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round configurations. These features ap- 
pear in several of the photos. 

Station 104: Screws, Plug, Contact Plate. 
The next station, station 104, is strictly hard 
automation (photo 8). Three operations 
take place from three different angles. From 
above, automatic screwdrivers, fed by vibra- 
tory screw feeders, drive three screws into 
each end bell as commanded by yet another 
PDP-11/23. A contact plate the size of a 
fingernail is screwed in from below. Final- 
ly, a plunger inserts a plastic plug into a hole 
on the side of each end bell. 

Robot fanciers will be pleased to know 
that this nonrobotic station was the least 
reliable. Automatic screw driving was the 
major problem area. Misalignment, wrong 
screws, bad threads, and bad holes were the 
major headaches. If the station had been 
robotic, all of these problems could have 
been detected with sensors, and the first 
three problems could have been corrected 
at the station. The last, if detected, could 
have been used to mark the assembly for 
immediate rejection. 

Station 105: Finishing Touches. Station 
105 is in the foreground of photo 1 and in 
photo 9. At this station, depending on 
which of the two end bells of a given motor 
is being assembled, another Puma robot 
selects from among a mounting ring or an 
end cap and other pieces, possibly including 
a small plastic washer with two distinct 
sides. Once again, parts handling and pre- 


Photo 8. APAS station 104. This is strictly a hard automation station, at which three different operations 
take place at three different angles. If APAS was actually being used to produce these motors in a commercial 
line, the motors would probably be redesigned to simplify the operations at this station. The importance of 
designing for manufacturability was a major APAS lesson. 



Photo 9. APAS station 105. This is the final assembly station. Again, the parts presentation techniques and 
gripper design provided important engineering lessons. 
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sentation techniques and a special gripper 
design were crucial. 

After these finishing pieces are selected, 
the robot moves them to a machine that 
press-fits them onto the end bell. A torque 
sensor determines the correct angular 
orientation of a hexagonal hole in the 
mounting ring as it mates with a hexagonal 
feature on the end bell. Another PDP-11/23 
controls these operations, with interlocks 
controlled by a programmable controller. 


Station 106: Final Inspection. Vision once 
again comes into play at station 106, shown 
in photo 10. The finished subassembly is 
examined from top and bottom by an Ob- 
ject Recognition Systems, Inc., (ORS) 
template matching vision system. Template 
matching is much simpler and less expen- 
sive than the vision system at station 101. 
It can be used because the end bell’s posi- 
tion and orientation were determined at sta- 
tion 101 and preserved by the pallet. 


The images from the camera are com- 
pared to templates stored in the memory 
of the ORS controller. After the inspection, 
the Puma robot picks up the finished piece. 
If a significant number of pixels differ be- 
tween the image and the template, the sub- 
assembly is rejected; otherwise the Puma 
places the subassembly in one of an array 
of boxes. 

If this were not the final step of this 
demonstration, the subassembly would not 
be placed in a box, since that action 
destroys knowledge of the subassembly’s 
orientation. In an actual automated factory, 
the end bell subassembly would be placed 
on another pallet after inspection and 
transferred, with its orientation carefully 
preserved, to another transfer line, much 
like the one planned for APAS Phase C. 

The results from this inspection tech- 
nique were not entirely successful, accord- 
ing to Brian Ottinger, the Westinghouse 
engineer who appears in photo 1. The vi- 
sion system had to be trained by showing 
it several valid images. If the vision system 
was trained with only one image, then good 
end bells were rejected. On the other hand, 
if it was trained by “seeing” a number of 
good end bells which covered the normal 
range of manufacturing variation, then 



Photo 10. APAS station 106. Here, the completed end bell subassemblies undergo final inspection. The template- 
matching technique Westinghouse decided to use did not produce completely satisfactory results. 



* INCLUDES PATH CONTROL MICROPROCESSOR 
+ INCLUDES VISION INTERFACE 


Figure 1. The APAS computer, sensor, and control arrangement. 
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small features which should cause rejection, 
such as missing screws, passed the final 
inspection. 

Computer Organization. Figure 1 shows 
the computer organization of APAS. It is 
a hierarchical, distributed control system. 
Each station has its own local control com- 
puter, a PDP-11/23 running under the 
RSX-11S operation system, with the excep- 
tion of one PDP-11/23, which supports the 
vision system and communicates with the 
Pumas at stations 101 and 106. That com- 
puter runs under the more sophisticated 
RSX-11M operating system and can serve 
as a backup to the system master computer, 
a more powerful PDP-11/34 also running 
under RSX-11M. 

The PDP-lls are interconnected and 
communicate via a local area network called 
DECnet. The master computer, in theory, 
could be linked to a major mainframe com- 
puter responsible for overseeing the total 
plant operations. Information generated 
from an APAS line could be combined with 
inventory and quality control information, 
leading to greater efficiency and better 
quality control. 


After APAS. Now that the APAS project 
has reached its end, Westinghouse and the 
National Science Foundation are looking 
to the past to assimilate its lessons and to 
the future to apply them. Bernard Miller’s 
warning about avoiding long-term robotic 
projects remains particularly apt. The in- 
dustry and the technology are changing too 
fast to allow prediction of what will happen 
much more than a year in advance, and key 
technical people will continue to be in ex- 
ceptionally high demand (and therefore ex- 
tremely mobile). 

The latter problem particularly afflicted 
APAS and caused, no doubt, a significant 
cost growth. It certainly should be con- 
sidered in any plans to develop a robotic 
system, for batch manufacturing or other- 
wise. Another lesson, which is most evident 
from the awkward multidirectional opera- 
tions of station 104, is that automation of 
batch manufacturing may require or in- 
spire redesign of the product being 
manufactured. 

But the most important conclusion to be 
drawn from APAS is that batch manufac- 
turing can be automated and, no doubt, will 
be automated in the near future, thanks to 


the ingenuity of mechanical engineers, elec- 
trical engineers, computer scientists, and 
roboticists. It will spread slowly because of 
the need for capital formation and the 
redesign of products to make them more 
compatible with robotics and other new 
techniques. But it will happen. The National 
Science Foundation, with its $1.7 million 
investment, and Westinghouse, with an 
equivalent one, may not have surveyed 
enough terrain to lay out a complete road 
map, but they have certainly shown us 
where we are going. □ 
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Super Armatron 

An Inexpensive, Microprocessor-Controlled Robot Arm 


John J. Schiavone, The BDM Corporation, One First National Plaza, Suite 1010, Dayton, Ohio 
Mike Dawson, 6500 Poe Avenue, Dayton, Ohio 45414 
James E. Brandeberry, Wright State University, Dayton, Ohio 45435 


Five degrees of freedom, low cost, 
microcomputer control, accurate repeata- 
ble positioning, and usefulness— these 
features all describe the robot we built in 
the Wright State University laboratories. 
Our goal was to build such a robot and have 
it perform a desired task. Our robot, called 
Super Armatron, started out as the Tomy 
Armatron robot. Originally distributed by 
the Tomy Corporation, the inexpensive Ar- 
matron is now available in Radio Shack 
stores around the country. 

Our definition of functional included 
position sensing and computer control of 
each joint. These two features allow Super 
Armatron to perform complex tasks under 
program control. Super Armatron is 
equipped with a teach-mode capability and 
a simple, three-instruction robot language 
for moving the arm. 

The Arm. As purchased, the Armatron arm 
is moved with two joysticks, which control 
the five axes of motion and open and close 
the gripper. Photo 1 shows Super Armatron 
after we completed the initial hardware 
modifications. We removed the joystick con- 
trols and replaced them with solenoid ac- 
tuators. Both the solenoids and the Ar- 
matron are mounted on an aluminum plate. 
We added Hall-effect sensors to the waist, 
shoulder, elbow, wrist, and gripper. An op- 
tical encoder determines wrist roll 
positioning. 

A single DC motor located in the base 
provides the motive power for the entire 
arm. Each joint is controlled through a 
series of plastic gears and metal rods. 
Although the waist joint is capable of 
360-degree rotation, we limited this motion 
to 180 degrees to protect the added elec- 
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trical wires. The shoulder joint moves up 
25 degrees and down 40 degrees, while the 
elbow joint moves 90 degrees to the left or 
right. 

The elbow joint is coupled to the wrist 
so that when the elbow moves to the left, 
the wrist rolls counterclockwise (as seen 
from the elbow) and vice versa. Cross- 
coupling also occurs between the wrist’s 
pitch and roll axes. The wrist rolls 
counterclockwise when the pitch axis 
(limited to ±90 degrees) moves up, and 
clockwise when the pitch axis moves down. 
Although the wrist can roll 360 degrees, we 
limited its motion to ± 180 degrees to pre- 
vent damage to the wiring harness. 


The Computer. The computer system con- 
sists of a PDP-11/23 running the RT-11 
operating system that is connected to an 
LSI-11 to which the compiled programs are 
downloaded. The control program is writ- 
ten in Micropower Pascal and uses several 
prewritten I/O driver routines coded in 
assembly language. 

The LSI-11 contains analog-to-digital 
converters with four decimal digit accuracy 
for sensor input, and a parallel I/O (PIO) 
board for communicating with Super Ar- 
matron and its 12 joint-control solenoids. 

The Software. The three basic arm 
movements are: move from point A to point 



Photo 1. Super Armatron after hardware modifications. Tvelve solenoid actuators control the five axes of 
motion and the gripper. Hall-effect sensors provide position feedback for the waist, shoulder, elbow, wrist, 
and end-effector gripper. The plexiglass rod by the waist joint prevents the waist from rotating a full 360 degrees, 
which would pull off the Hall-effect sensor wiring harness. 


B; grasp; and release. We decided that the 
arm would always start at a known point 
before beginning a task. We use the teach- 
mode to move one joint at a time until the 
arm is in the desired starting position, and 
then store the sensor readings for that 
point. The teach-mode makes the arm 
highly adaptable to any application. 

The program is designed to store up to 
50 points. The “teacher” is responsible for 
ensuring the arm has a clear path from one 
point to another, since obstacle avoidance 
is not built in. After a series of stopping 
points are stored, the program is placed into 
the run mode. The arm moves to the start- 
ing point and proceeds through the 
preplanned movements. 

Due to the power considerations of simu- 
ltaneously moving multiple joints, we de- 
cided to move only one joint at a time. For 
any one step, the waist joint moves first, and 
movement proceeds outward towards the 
wrist. This decision also simplified the con- 
trol program. 

The task we wished to complete was the 
Towers of Hanoi game. We chose this ap- 
plication since it is familiar to most com- 
puter science students. We used three rings, 
which makes for only 12 stopping points. 
Figure 1 shows the eight different disk con- 
figurations encountered while solving the 
puzzle. The main program in listing 1 shows 
how the disks are moved. 

Three points were defined on each of the 
three poles and one point above each pole. 
To move the first ring, the arm moves from 
the starting position to a point above the 
first pole (point 4) with the gripper open. 
The arm then moves to point 3, grasps the 
first ring, continues back to point 4, con- 
tinues to point 12, and down to point 9, 
where it releases the ring and completes the 
first move. Similar move cycles continue un- 
til all three rings are on the third pole. To 
prevent the arm from hitting any obstacles, 
we instructed the arm to move to the “hold- 
ing” position above each pole before mov- 
ing to the next position. Photo 2 shows 
Super Armatron executing the programmed 
task. 
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move P 8 

move Pi 2 

release 

move P 5 

move P 6 

move P 9 


release 

release 

release 


P 8 

P 12 

P 4 

P 8 

P 12 

P 4 

P 8 

^2 

P 4 

P 12 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


T 5 



t 5 -t 6 

move Pi 2 
move Pa 
move P 6 
grab 
move P 8 
move P 4 
move Pi 
release 



T 6 -T 7 
move P 4 
move P 8 
move P 5 
grab 
move P 8 
move Pi 2 
move Pio 
release 



move Pi 2 
move P 4 
move Pi 
grab 
move P 4 
move Pi 2 
move Pi i 
release 


Figure 1. The Towers of Hanoi problem is used to illustrate the robot control language. This task requires 
accurate position sensing and movement during the execution of the 55 commands needed to complete the 
game. When using the robot control language, the operator must define only the 12 predetermined positions 
(PI through P12) and the order in which the rings must be moved between them. The main progam listing 
shows how the moves are made. 


The Control Language. The program in 
listing 1 contains all of the procedures used 
to control the arm. The prewritten I/O rou- 
tines are not included since they are hard- 
ware dependent. 

The first section of the program contains 
all of the necessary tables and variables. 
Tcible POS TABLE is used to store the Hall- 


effect sensor readings for each stopping 
position. The vector JCW is the Joint Con- 
trol Word, which is sent to the PIO board 
to control joint motion. The associated 
comments describe the joint motion at- 
tached to the solenoid number. 

In Micropower Pascal, all procedures 
must be defined before they are invoked. 


We will explain the procedures (MOVE, 
GRAB, RELEASE, and TEACH) in the 
order in which they appear. 

The MOVE procedure moves the arm, 
one joint at a time, starting with the waist. 
The position to which we want the arm to 
move is compared to the current position. 
Since the Hall-effect sensor on the waist 
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PROGRAM ROBOT (I N PUT , OUT PUT ) ; 

TYPE VECTOR = ARRAY [0..15] OF BOOLEAN ; 

TYPE TABLE * ARRAY [ 0. . 5 0, 0. . 1 5 ] OF INTEGER; 

VAR J, MOV, JOINT, DIRECT, KEEP MOV, STOR E , I , POS , K : INTEGER ; 

GPOSMI N.GPOSMAX, HEM I, OL&HEM I, POSM A X, HF LA G, STO P, INISTOP s INTEGER ; 
GPOS , WPOS , SPOS , EPOS, PPOS, RPOS, WWPOS : INTEGER ; 

FINAL POS, ROLL 1,R0LL2,N EW_ROLL 1 , N EW ROLL 2 : INTEGER; 

JIN , WR_JOINT : INTEGER; 

A,B, AN,BN,S1,S2,S3,S4,S1N,S2N,S3N,S4N,CU,CD t BOOLEAN; 

HA, HB, OLD WCOUNT,WCOUNT,HIVALUEA,HIVALUEB : INTEGER; 

JCW : VECTOR ; 

POS TABLE s TABLE • 

PROCEDURE WRTPIO (JCW : VECTOR );EXTERNAL; 

PROCEDURE INIPIO ; EXTERNAL; 

FUNCTION GETADC (S, D : INTEGER) : INTEGER; EXTERNAL; 

FUNCTION RDPIO : VECTOR ;E XTER NAL ; 

PROCEDURE CORR WRIST ; FORWARD; 

PROCEDURE WR_C5UNTER ; FORWARD; 

THE FOLLOWING PROCEDURE WILL BE THE TEACH MODE FOR THE ARMATRON 
ROBOT. 


SENSING POSITION OF THE ARMATRON 


AXIS 

14-PIN CABLE 
PINOUT 

CONNECTED 

TO 

A/D CABLE 
PINOUT 

SIGNAL 

SHOULDER 

1 

CONNECTED 

TO 

3 

CH 1 

ELBOW 

2 

CONNECTED 

TO 

5 

CH 2 

PITCH 

3 

CONNECTED 

TO 

7 

CH 3 

ROLL 4 

4 

CONNECTED 

TO 

9 

CH 4 

R0LL5 

5 

CONNECTED 

TO 

11 

CH 5 

GRIPPERS 

6 

CONNECTED 

TO 

13 

CH 6 

WAIST 

8 

CONNECTED 

TO 

15 

CH 7 

IN ADDITION: 7(GND) 

CONNECTED 

TO 

18 

AMP L 



READING 

WRIST ROLL USING PIO 





14-PIN CABLE 


PIO CABLE 




AXIS 

PINOUT 

CONNECTED TO 

PINOUT 

SIGNAL 



ROLL 4 

4 

CONNECTED TO 

J 1 -37 

A I/O 0 

(LOWER 

SENSOR ) 

ROLL5 

5 

CONNECTED TO 

J1-39 

A I/O 1 

(UPPER 

SENSOR) 

IN ADDITION: 7 

CONNECTED TO 

J 1 -26 

GROUND 




NOTE: FOR CORRECT OPERATION OF THE PIO BOARD, J1-22, "USER RDY B" , MUST BE 

CONNECTED TO GROUND (J1-26). 


SOLENOIDS ARE ACTIVATED WITH A LOW INPUT. 

CONVENTION: 

WAIST, ELBOW: VIEWED FROM ABOVE. ROLL: LOOKING INTO GRIPPERS. 


SOLENOID 

16-PIN CABLE 
MOVEMENT PINOUT 

CONNECTED 

TO 

PIO CABLE 
PINOUT 

SIGNAL 

0 

SHOULDER DOWN 

1 

CONNECTED 

TO 

J1-14 

B 

I/O 

0 

1 

SHOULDER UP 

2 

CONNECTED 

TO 

J1-12 

B 

I/O 

1 

2 

WAIST CTR-CLKVSE 

3 

CONNECTED 

TO 

J 1 —1 3 

B 

I/O 

2 

3 

WAIST CLKWSE 

4 

CONNECTED 

TO 

J1-1 1 

B 

I/O 

3 

4 

ROLL CLKWSE 

5 

CONNECTED 

TO 

J 1 —1 6 

3 

I/O 

4 

5 

ROLL CTR-CLKWSE 

6 

CONNECTED 

TO 

J 1 -9 

B 

I/O 

5 

6 

PITCH DOWN 

7 

CONNECTED 

TO 

J1-15 

3 

I/O 

6 

7 

PITCH UP 

9 

CONNECTED 

TO 

J1-10 

B 

I/O 

7 

8 

ELBOW CTR-CLKWSE 

10 

CONNECTED 

TO 

J 1 -4 

B 

I/O 

8 

9 

ELBOW CLKWSE 

11 

CONNECTED 

TO 

J1-1 

3 

I/O 

9 

10 

GRIPPERS OPEN 

12 

CONNECTED 

TO 

J1-7 

B 

I/O 

10 

1 1 

GRIPPERS CLOSED 

13 

CONNECTED 

TO 

J 1 -8 

3 

I/O 

1 1 


IN ADDITION: 

8 

CONNECTED 

TO 

J1-26 

GROUND 


NOTE: FOR CORRECT OPERATION OF THE PIO BOARD, J1-22, "USER RDY B" , MUST BE 

TIED TO GROUND (J1-26). 


STORE = 1 SELECTS POSITION TO BE STORED 
0 DO NOT STORE POSITION 

) 

PROCEDURE MOVEtPOS : INTEGER); 


{MOVE WAIST) 


BEGIN 

WPOS : s GETA DC (7 , 1 ); 

POSMAX : = WPOS; 

HF LA G := 0; 

IF WPOS <> POS TABLE [POS, 7 ) THEN 
BEGIN 

IF POS TABLE [POS, 8] = OLDHEMI THEN 
IF OLDHEMI = 0 THEN 

IF WPOS > POS_TABLE [POS, 7) THEN 
JOINT :* 2 

ELSE 

JOINT :s 3 

ELSE 

IF WPOS > POS TABLE [POS, 7] THEN 
JOINT : s I 

ELSE 

JOINT : = 2 

ELSE 

BEGIN 

HF LA G := 1; 

IF OLDHEMI = 0 THEN 
JOINT : = 3 


Listing 1. The robot control routines are written in Micropower Pascal from Digital Equipment Corporation. 


does not provide absolute position, we must 
also know which “hemisphere” contains the 
next position. Depending on which “hemi- 
sphere” the next position is in, the arm is 
moved either clockwise or counterclock- 
wise. The waist movement continues until 
the hemisphere and Hall-effect sensor 
reading match the values taken from the 
position table. 

The shoulder is moved next. The direc- 
tion is easily determined, since the Hall- 
effect sensor provides readings from a 
minimum to a maximum value throughout 
the range of movement. The elbow motion 
is started and allowed to continue until the 
values match. 

The elbow movement direction is deter- 
mined in the same manner as the shoulder 
direction. When the elbow is moved, how- 
ever, we must consider the mechanical 
cross-coupling with the wrist. A wrist cor- 
rection routine, which will be explained 
later, is also called. 

The arm’s pitch is adjusted in the same 
manner as the shoulder and elbow. Since 
the pitch movement also experiences a 
cross-coupling interaction with the wrist roll 
motion, the wrist correction routine is 
called. The final arm movement is wrist roll. 
Wrist roll positioning is determined using 
optical encoders. Basically, the wrist is 
rolled in the proper direction until a posi- 
tion counter matches the value stored in 
the position table. 

Procedures GRAB and RELEASE simp- 
ly cause the gripper to close or open. The 
gripper moves to a predetermined position 
defined by a special variable. Although our 
program uses a constant value, the value 
could be read from the position table. This 
change would allow the arm to grasp various 
sized objects while executing a single task. 

The TEACH procedure begins by initial- 
izing the PIO board. The wrist is then rolled 
to the mechanical stop for its initial posi- 
tion. While the wrist is rolling, the high 
values obtained from the optical encoders 
are read and stored to provide a reference 
for future wrist roll movements. An arbitrary 
value of 100 is assigned to the roll count 
to prevent it from becoming negative. 

Once everything is initialized, the 
TEACH program displays a menu of arm 
movements and allows the operator to move 
one joint at a time. The operator stops arm 
motion by pressing a switch, which is con- 
nected to an analog-to-digital converter. 
The operator can then decide either to store 
the current position or to continue moving 
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whether the roll counter must be incre- 
mented or decremented. 

The main program calls either the 
TEACH, MOVE, GRAB, or RELEASE pro- 
cedure. In the Towers of Hanoi game ap- 
plication, the movements are in a loop so 
that the game is played continuously. These 
four function calls provide the flexibility 
needed for many different applications. This 
main program, with only minor modifica- 
tions, could be designed to repeat a wide 
variety of functions endlessly. 

Additional Hardware. The arm’s joint 
movements are controlled by an LSI-11 
microcomputer, which actuates solenoids 
through a parallel output port. Joint posi- 
tion is sensed and fed back to the computer 
by Hall-effect transducers, which detect the 
orientation of a small, round magnet placed 
at each joint. Each Hall-effect sensor pro- 
duces an analog output voltage, which is 
connected to one channel of a 12-bit 
analog-to-digital converter in the LSI-11. 
Since the roll axis could not easily be sensed 
with this technique, we implemented an op- 
tical shaft encoder using two TRW reflec- 
tive object sensors. 

Motion Control. Photo 3 is a top view of 
the Armatron base with the cover removed, 
exposing the modifications we made to pro- 
vide for computer control. Each joint is con- 
trolled by stopping the rotation of one of 
the six plastic cylinders seen in the 
photograph. Each cylinder has five tabs 
around its circumference. The middle tab 
is for stop; the two tabs on the left provide 
two speeds in one direction; and the two 
tabs on the right provide two speeds in the 
opposite direction. 

The LSI-11 controls the arm by actuating 
solenoids, which in turn move metal rods 
(fingers) that catch on the plastic tabs. This 
mechanization provides for one forward 
speed, one reverse speed, and stop. Each 
metal finger pivots on a pin in the metal 
block at the edge of the plastic base. We 
selected this method to allow room for 
mounting the 12 solenoids and to keep the 
solenoid stroke short. 

T\vo opposing solenoids are required for 
each finger. A small metal plate connects 
their two plungers. Each solenoid has a 
spring around its plunger so that both 
plungers are out when the solenoids are off. 
This places the finger at the middle tab stop 
position. Actuating one solenoid moves the 
finger to a tab which engages a gear and 


Photo 2. Super Armatron is programmed to complete the Towers of Hanoi game, implemented here using 
three rings. This game requires moving the three rings located on the first pole to the last pole. The rules 
are simple: move one ring at a time, and never place a larger ring on top of a smaller ring. Super Armatron 
is caught in the process of moving one ring to a new location. 


Photo 3. Top view of Super Armatron with the cover removed. All joints are controlled by one DC motor. 
Joint movement is achieved by activating one of the six pairs of solenoids. T\vo solenoids are required to con- 
trol one joint resulting in two opposite motions. The solenoid pairs are mechanically connected with a metal plate 


the arm. If the position is to be stored, the 
operator must enter a value indicating the 
hemisphere in which the waist is positioned. 
The operator can then proceed to another 
position. When all the positions are stored, 
the TEACH procedure returns control to 
the main program. 

The wrist correction procedure counter- 
acts the undesirable cross-coupling of the 
wrist and elbow and keeps the wrist in its 
present position as the elbow or pitch is ad- 
justed. The procedure works by watching 


the wrist counter value. If the wrist counter 
value changes by two, the elbow or pitch 
movement is stopped, and the wrist is rolled 
until the counter returns to its initial value. 
The elbow or pitch movement is then 
restarted. 

The wrist counter procedure performs a 
set of Boolean functions on the wrist roll 
optical encoder inputs. Given the initial and 
next position of the wrist, a state table can 
be devised to ascertain the roll direction. 
The roll direction is then used to determine 
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produces motion about one joint. Actuating 
the other solenoid in the pair causes mo- 
tion in the opposite direction. The control- 
ling program must ensure that both sole- 
noids are never actuated simultaneously, 
since the result is indeterminate. 

The solenoids, which we obtained from 
electronic surplus for $1.50 each, are 
manufactured by Guardian Electric (part 
number A420-062057) and are intended for 
18V operation. We actuated the solenoids 
with a 12V supply from a quad high cur- 
rent driver, ULN 2064NE. When actuated, 
the solenoid draws 200mA. 

We added two mechanical stops to pre- 
vent damage to the wires connected to the 
arm. One stop is mounted on the base to 
prevent 360-degree rotation about the 
waist. The other mechanical stop is 
mounted on the wrist to prevent 360-degree 
rotation about this joint. 

Sensing Joint Position. The orientation of 
the six joints in the arm must be measured 
to determine the arm’s position. The joints 
are at the waist, shoulder, elbow, pitch of 
wrist, roll of wrist, and gripper. The first four 
joints and the gripper are sensed by measur- 
ing the field from a magnet mounted on the 
joint. The wrist roll is sensed using optical 
encoding techniques. 

The magnet is a 3 /4-inch diameter Alnico 
2 disk (Permag part number SD1701), mag- 
netized as a two-pole rotor along the 
diameter. A 3/32-inch diameter hole is 
drilled in the middle. The sensor is a Micro 
Switch (part number 915512-2), linear out- 
put Hall-effect transducer, which requires 
a voltage between +8V and + 16V. This 
transducer has three leads: Vcc, ground, 
and output. The sensor’s output is Vcc/2 
with no magnetic field. The transducer is 
mounted over the edge of the magnet, with 
about 14-inch clearance. 

In this application, using a 10V power 
supply, the output voltage varies approx- 
imately sinusoidally with magnet angle of 
rotation from about 8V at one pole of the 
magnet to 2V at the other pole. Figure 2 
shows the typical positioning of the Hall- 
effect transducer and voltage output as a 
function of the magnet angular orientation. 
The output of each Hall-effect transducer 
is connected to an input channel of a 0 to 
10 V, 12-bit analog-to-digital converter in the 
LSI-11. 


Sensing Wrist Roll Position. The wrist has 
no location suitable for placing a round 
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Figure 2. The Hall-effect sensors provide absolute position information if they are used within a dynamic 
range of approximately 180 degrees. The output voltage from 90 degrees to 270 degrees is continuous and 
unique. From 180 degrees to 360 degrees, however, the output voltage is not unique. It is necessary to position 
the magnets accurately for the joints with a limited range. Since the waist joint has a range greater than 180 
degrees, we use the slope of the tangent line to determine the absolute position. The amplitude (A) of the 
Hall-effect sensor’s output signal is a function of the magnetic field strength. The amplitude reaches a max- 
imum when the Hall-effect sensor is positioned as close to the magnet as possible. 



Photo 4. Hall-effect sensors and round magnets are carefully positioned so that each joint location provides 
a unique output voltage from the Hall-effect transducer. This goal required that the magnets be positioned 
so that the sensor never passes over either pole. This was achieved on all joints except the waist. T\vo optical 
encoders are used to sense wrist roll position. The two sets of alternating black and white patterns provide 
directional information and 32 positions per revolution. 
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Figure 3. The optical reflection pattern on the disk causes the phototransistors in the light sensors to turn on and off. By using two sensors and offset reflection 
patterns, the outputs form four states. Clockwise rotation provides a count-up sequence, and counterclockwise rotation provides a count-down sequence. Because 
these sensors do not provide absolute position information, the state changes and direction of change are required to determine an absolute position. 


magnet, yet requires reasonable position- 
ing accuracy. We decided to use an optical 
shaft encoding technique for position sens- 
ing. We made a round paper ring to fit on 
the back rotating surface of the gripper 
assembly, as shown in photo 4. The paper 
is colored as shown in figure 3. The two 
concentric rings, each divided into 16 equal 
sectors alternating black and white, are off- 
set by half a sector. T\vo TRW reflective ob- 
ject sensors (part number OBP 125A) were 
glued together, mounted on the pitch link, 
and aimed at the black and white disk, as 
shown in figure 4. 

The sensors provide an electrical signal 
from a phototransistor which is amplified 
and made TTL compatible by using a Quad 
Norton amplifier (National Semiconductor 
part number LM 3900) as shown in figure 
5. Although this signal can be fed into a 
parallel input port on a computer, we used 
two input channels on the already available 
analog-to-digital converter to read this data. 

This shaft-encoding technique provides 
only relative position information. It pro- 
vides for measuring direction of rotation in 
discrete increments of 11.25 degrees. Ab- 
Continued on page 28 



Circle 15 
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Introducing the new Topo, world's first personal 


I invented Topo for you— 
whether you think of yourself as 
a programmer, robot hobbyist, 
or futurist." 


NOLAN BUSHNELL 

Founder of Atari and Androbot; 
father of the personal robot 

“A lot of Apple® owners are sure to 
appreciate all that Topo stands for, and 
all the things he can be programmed 
to do. They should get our first 500!’ 



robot, available in a limited Signature Edition 


AN EXTENSION OF YOUR 
COMPUTER. AND TALENT. 
AND IMAGINATION. 

One day, when there is a robot in 
every home, most people will ask them- 
selves, "Why didn’t I?” 

A few others— mostly today’s 
creative programmers and educators— 
will say, "I’m glad I did!” 

Androbot invites you to help shape 
technological history by being one of 
the first to own and command Topo, 
the world’s first personal robot. 

TOPO CAN WALK. . .TALK. . . 

SING AND MORE. 

ALL AT YOUR COMMAND. 
You program Topo’s movements and 
speed via joystick or keyboard com 
mands. You tell him what to say to you, 
your family, students, or guests. In 
English, Spanish, Japanese— almost 
any language on earth. 

Movement is programmed on a 
system of degrees and centimeters, 
displayed on your screen. Text-to- 
speech synthesis is adjustable for pitch 
and volume. 

TOPO’S INNER ELECTRONICS 
MAKE HIM VERSATILE 
AND EXPANDABLE. 

Three 8031 microprocessors serv e as 
Topo’s "brains!’ Two industrial-grade 
rechargeable batteries give him energy 
lor hours of activity. His battery monitor 
provides voltage protection. 

Topo’s edge-mounted plug-in card 
cage system contains one board for 
motion control and another for two-way 
communication. 

Six additional slots will accom- 
modate the numerous optional func- 
tions available soon, such as touch 
sensors, ultrasonic sensors, and even 
an infrared bar code reader. Naviga- 
tional ability' can also be incorporated 
soon, with technology' currently under 
development at Androbot. 

TOPO ARRIVES 
BUNDLED FOR ACTION. 

You provide Topo’s host computer: 

Any Apple® He, or 11+ 
with RS-232 interface 
(super serial card) disk 
drive, and joystick. 

(Versions of Topo designed 
to interface with IBM PC? 

Commodore? and Atari® computers 
will be available by Spring, 1984.) 

Your robot comes ready for use, 
with TopoSoft™ a high-level, easy-to-use 
language based on Forth. Plug Topo’s 


base communicator into the RS-232 T 
port of your Apple? and your messages 
become commands transmitted to 
Topo via his two-way infrared link. 

Optional software includes 
an Androbot extension package for 
AppleLogo^ to let you program Topo’s 
maneuvers in that popular educational 
language. 

Optional TopoTeach™wiU enable 
your robot to save and remember a 
complex series of commands. Topo’s | 
optional AndroWagon™ can cany 7 beer, 
books, toys, or your guests’ coats and 
hats from room to room. 

Your Androbot dealer offers 
Topo software and accessories, as well | 
as service. 
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ANNOUNCING THE SIGNATURE 
EDITION FOR THE FIRST 500 
WHO BUY TOPO. 

Each Signature Edition Topo will bear 
an engraved plaque signed by his in- 
ventor, Nolan Bushnell. Your Topo will 
be numbered and registered in your 
name, commemorating your leadership 
in the Age of Androbotics. 

There will be more Topo personal 
robots after this special limited edition 
is gone— but why w r ait? Order today 
by phone or by mailing the coupon 
below; for guaranteed delivery through 
your authorized Androbot dealer. 

Or better yet, see him now. You may 
find Topo already at his store. 



OWN THIS 
COMMEMORATIVE 
14K GOLD-PLATED 
TOPO STATUETTE, TOO. 


© 1984 by Androbot, Inc. 

Apple, IBM, Atari, and Commodore are registered tnulemarks 
°f Apple Computer, Inc., International Business Machines Gorp., 
Atari. Inc., and Commodore Electronics Ltd. 


Nolan Bushnell 
ANDROBOT, INC. 

RO. Box 9 214 
San Jose, CA 95103 

YES, I AM in the Age of Androbotics. Please send 
the following: 

QUANTITY TOTAL 

Topo personal robots, compatible 

with Apple lie or 11+ computer. 

Ship to my nearest Androbot dealer, 
who will notify me of arrival in 4 to 


6 weeks. $1595 each. $. 

— Topo Owners Manual. $25 each; 
refundable with later purchase 
of Topo. (Included at no charge 
with Topo.) $. 

14K gold-plated Androbot 

statuettes, 3 X A inches high, 1% 
pounds. Postpaid, $100 each. $. 

Androbot T-shirts. Postpaid, $10 ea. 

Adult SD MD LD XL □ 

Child S □ MD LD $. 

“Androbot Report' 1 newsletter. One 

year $15. (Free with purchase of 
Topo.) $. 

And please add my name to the 

new Topo Users Group mailing list. $. 

California delivery only: Add 6Yz% 
sales tax to the total above. $. 

Shipping and handling, Topo only: 

$45 each. (To dealer in Hawaii or 
Alaska: $65 each.) 

TOTAL $. 


For residents of continental United States, Alaska 
and Hawaii: 

TO ORDER BY PHONE, 
call (408) 262-4914 between 8am and 
6pm Pacific Standard Time and give 
code 400 and the credit card information 
requested below. 

TO ORDER BY MAIL, 

enclose cashier’s check or money order, or 
charge to: 

Visa □ MasterCard □ Diner’s Club □ 
American Express □ Carte Blanche □ 

Card # 

Expiration date 

Cardholder’s signature 


Name (Print) 

Address 

City State Zip 

Home phone ( ) 

Daytime phone ( ) 

Offer available only through participating Androbot dealers in 
the U.S. Signature Edition limited to the first 500 Topo personal 
robots produced tor sale. This direct offer expires February 29, 
1984. Specifications and prices subject to change without notice. 

For residents of Canada: contact Prestige Electronics, Rexdale.Ont. 
(416) 674 1433- 
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+ 5 V for the logic circuits and + 3 V for the 
motor. Capacitive filtering and ferrite beads 
are used on the motor leads to suppress 
noise. 

Conclusion. Although this robot arm only 
lift can three ounces, it provides an accurate 
microcomputer-controlled robot for experi- 
mentation. The Pascal program we de- 
veloped is only a starting point. Super 
Armatron is capable of performing much 
more complicated tasks, including direct 
and indirect kinematics, and moving multi- 
ple joints at the same time. More important- 
ly, the techniques used to construct and pro- 
gram Super Armatron can be applied to 
larger industrial robots. □ 


Figure 4. The optical sensor contains a light emitting diode (LED) and a phototransistor. A reflective surface 
causes the phototransistor to turn on, a light absorbing surface turns the phototransistor off. Shielding from 
external light sources is required to prevent 60 cycle interference. 


+10V +10V +10V 



Figure 5. The photodarlington in the light sensor turns on when sufficient light is reflected from the LED. 
This brings the collector output to about IV. Current flow into the negative input of the Norton amplifier 
is greater than the current flow in the positive input, resulting in a digital 0 output. When the LED is blocked, 
the photodarlington turns off, and the current flow into the positive input of the amplifier is greater than 
the negative input, causing the amplifier output to be a digital 1. 


Continued from page 25 

solute position is maintained in the com- 
puter by starting at the mechanical stop and 
accumulating positive and negative 
increments. 

Sensing Gripper Position. The gripper also 
lacks a simple rotation point on which a 
round magnet could be placed. In this case, 
however, we felt it was not important to 
know the gripper's precise position as long 
as we could determine if the gripper was 
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open or closed. We accomplished this by 
gluing a small bar magnet to the side of the 
upper section of the gripper and mounting 
a Hall-effect sensor, as shown in photo 4. 

Power Supplies. Super Armatron requires 
two power supplies: + 12V and + 10V. The 
10V supply powers the Hall-effect trans- 
ducers and must be very stable. The 12V 
supply actuates the solenoids and is regu- 
lated with series regulators to also provide 
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The November/December 1982 issue of Robotics Age 
contained an article describing Armatron , a plastic 
robot toy from Tbmy which is currently being sold 
by Radio Shack stores. 

The November/December 1982 issue proposed a 
contest for “a significant enhancement to the use and 
control of the system.” Super Armatron by John 
Schiavone, Mike Dawson, and James E. Brandeberry 
of Wright State University is the contest winner. This 
team won due to its extensive feedback controls, sim- 
ple software control language, and system documen- 
tation. Special mention goes to Lyn Mercer and Tbny 
Beckett, also of Wright State University, who used 
the same robot as an automated typist. 
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OREGON 

Jack D. Miller 

Mt. Hood Community College 
26000 SE Stark Street 
Gresham, OR 97030 
(503) 667-7213 

David M. Hata 
Portland Community College 
12000 SW 49th Avenue 
Portland, OR 97219 
(503) 244-6111 

Dr. Gene Fichter 
Oregon State University 
Industrial Engineering 
Corvallis, OR 97331 
(503) 754-4505 

Steven Brous 

Rogue Community College 
Industrial Department 
3345 Redwood Highway 
Grants Pass, OR 97526 
(503) 479-5541, X250 


PENNSYLVANIA 

John Kuncas 

Community College of Allegheny County 

Engineering Department 

808 Ridge Drive 

Pittsburgh, PA 15212 

(412) 237-2690 


Paul K. Wright 
Camegie-Mellon University 
Robotics Institute 
Pittsburgh, PA 15213 
(412) 578-3529 

George L. Bernlohr 

Butler County Community College 

Oak Hills 

Butler, PA 16001 

(412) 287-8711 

George W. Elison 

Lehigh County Community College 

2370 Main Street 

Schnecksville, PA 18078 

(215) 799-1141 

Dr. Richard Klafter 
Drexel University 

Electrical and Computer Engineering 
32nd and Chestnut 
Philadelphia, PA 19104 
(215) 895-2223 


SOUTH CAROLINA 

Ronald D. Bonnell 
University of South Carolina 
Electrical and Computer Engineering 
Columbia, SC 29208 
(803) 777-3075 

Kemp I. Sigmon 
Spartanburg Technical College 
Industrial Division 
PO Box 4386 
Spartanburg, SC 29303 
(803) 576-5770 

G. Lincoln Chapman 
Trident Technical College 
PO Box 10367 
Charleston, SC 29411 
(803) 572-6068 

Dr. Frank W. Paul 
Clemson University 
Mechanical Engineering 
Riggs Hall 
Clemson, SC 29631 
(803) 656-3291 

James Rehg 

Piedmont Technical College 
Electronic Engineering Technology 
PO Drawer 1467 
Greenwood, SC 29648 
(803) 223-8357 

Fred Langdon 
Aiken Technical College 
PO Drawer 696 
Aiken, SC 29801 
(803) 593-9231 


TENNESSEE 

Durward Huffman 
Nashville State Technical Institute 
Engineering Technology Division 
120 White Bridge Road 
Nashville, TN 37209 
(615) 741-1232 

Gerald Cook 

Vanderbilt University 

Electrical and Biomedical Engineering 

Nashville, TN 37235 

(615) 322-2771 

Jasper Templeton 

Motlow State Community College 

Industrial Technology 

TUllahoma, TN 37388 

(615) 455-8511 

R. C. Gonzalez 
University of Tennessee 
Electrical Engineering 
Knoxville, TN 37996 
(615) 974-2579 


TEXAS 

Dr. Lee Alley 
Texas Tbch University 
Industrial Engineering 
PO Box 4130 
Lubbock, TX 70409 
(806) 742-3543 
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Grayson College 

Technical Occupations Division 

WEST VIRGINIA 


6101 Grayson Drive 

William Burns, Jr. 


Denison, TX 75020 

West Virginia Institute of Technology 
Electrical Technology 


Nelson Marquina 

312 Davis Hall, WV Tech 


University of Houston 

Montgomery, WV 25136 


Industrial Engineering 
4800 Calhoun 
Houston, TX 77004 

(304) 442-3348, 442-3189 


(713) 749-2543 

WISCONSIN 


Robert E. Young 

Steve Smith 


Texas A & M University 

Lakeshore Technical Institute 


Industrial Engineering 

TVade and Industry Department 


College Station, TX 77843 

1290 North Avenue 


(713) 845-5440 

Cleveland, WI 53015 


Fernon P. Feenstra 

(414) 693-8211 


Supervisor, Technical/Industrial Program 

Ron Eigenschink 


St. Phillips College 

Waukesha County Technical Institute 


2111 Nevada Street 

800 Main Street 


San Antonio, TX 78203 

Pewaukee, WI 53072 


(512) 531-3445 

(414) 548-5202 


R. D. Swope 

Thomas W. Davis 


Trinity University 

Milwaukee School of Engineering 


Engineering Science 

PO Box 644 


715 Stadium Drive 

Milwaukee, WI 53201 


San Antonio, TX 78232 
(512) 736-7512 

(414) 277-7324 
Milton E. Boldt 


Bill Way 

Milwaukee Area Technical College 


San Antonio College 

1015 North 6th Street 


Occupational Education and Technology 

Milwaukee. WI 53203 


1300 San Pedro 
San Antonio, TX 78284 

(414) 278-6280 


(512) 733-2441 

Gateway Technical Institute 
1001 South Main Street 


N. Duke Perreira 

Racine, WI 53403 


University of Texas— Austin 
Mechanical Engineering 

(414) 631-7306 


Austin, TX 78703 

Merl Maiers 


(512) 471-1331 

Madison Area Technical College 
TVade and Industry 


Hugh Blanton 

211 North Carroll 


Texas State Technical Institute 

Madison, WI 53703 


PO Box 11035 
Amarillo, TX 79111 

(608) 266-5280 


(806) 335-2316 

K. F. Eman 


Cliff Seiss 

University of Wisconsin— Madison 
Mechanical Engineering 


Amarillo College 

1513 University Avenue 


Box 427 

Madison, WI 53706 


Amarillo, TX 79178 
(806) 376-5111 

(608) 262-5907 
John Webb 


Luis Lopez 

North Central Technical College 


El ftiso Community College 

100 Campus Drive 


Industrial Occupations 

Wausau, WI 54401 


PO Box 20500 
El Paso, TX 79998 

(715) 675-3331 


(915) 594-2000 

William Van Omum 
Mid-State Technical Institute 
Instructional Services 


UTAH 

500 32nd Street North 
Wisconsin Rapids, WI 54494 


W. Karl Somers 
Utah State University 

(715) 423-5650 


Mechanical Engineering 

William G. Welch, Sr. 


UMC 41 

Western Wisconsin Technical Institute 


Logan, UT 84322 

Industrial Division 


(801) 752-2880 

Sixth and Vine Streets 
La Crosse, WI 54601 
(608) 785-9178 


VIRGINIA 

James Yu 


Carl F. Painter, Ph.D. 

Moraine Park Technical Institute 


Southwest Virginia Community College 

Fond Du Lac Campus 


Box SVCC 

235 North National Avenue 


Richlands, VA 24641 

Fond Du Lac, WI 54935 


(703) 964-2555, X337 

(414) 922-8611 


WASHINGTON 

CANADA 


Robert Beardemphl 

L. Quesnel 


South Seattle Community College 

J.R. Longval 


6000 16th Avenue SW 

S. Eid 


Seattle, WA 98106 

University De Moncton 


(206) 764-5353 

Moncton, New Brunswick 


John Cuevarra 

(506) 858-4309 


Seattle Central Community College 

Dr. A. Goldberg 


TVade and Industrial Department 

Dr. R. Fenton 


1702 Harvard Avenue 

University of Tbronto 


Seattle, WA 98122 

Mechanical Engineering 


(206) 587-6968 

5 Kings College Road 


D. Estep 

Olympic College 

16th at Chester Streets 

Bremerton, WA 98310 
(206) 4784571 

Tbronto, Ontario M5S 1A4 


(416) 978-7198 

□ 



INDUSTRIAL TRAINING ROBOT 


HYDRAULIC SERVO ROBOT 

The POLARIS Is one of eight Industrial Performance 
Robots designed by Amatrol especially for training. Industrial 
grade electro hydraulic servo components and state-of-the- 
art robot controls give students real-life training in the 
classroom. 

The POLARIS with its competency-based courseware is an 
extension of the Amatrol Basic Hydraulics and Electrohy- 
draulic Servo programs allowing complete training from 
Basic Foundation Technology through Robotics. 


Write for More Information 


AMATROL 


P.O. Box 2097 Clarksville, IN 47131 812-288-8285 


4 OR 6 AXIS PLUS 
GRIPPER MOVEMENT 



Your sensors and the Software Science 
Microtelemetry Module can put 8 channels of analog 

DATA AT YOUR COMPUTER OR TERMINALS FINGERTIPS. 

Simple ASCII commands control the Microtelemtry 
Module. 

Raw data, voltage or Software Sciences exclusive 
‘‘TEMPACHEAP" linearized temperature output. 

Sensors, power supplies and accessories are also 

AVAILABLE. CALL OR WRITE FOR CATALOG AND APPLICATION 
NOTES. 


SOFTWARE SCIENCE (513) 561-2060 

P.O. Box 44232, Cincinnati, Ohio 45244 
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Potential Application 
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Tool Manipulation 
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Material 

Handling 


\ 

\ 

\ 




\ 

\ 



\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 




\ 

\ 

\ 

\ 

\ 



Memory Capacity 


varies 

varies 

1000 steps 

200 steps/points 


3000 points 

5 minutes 

1000 points 

2800 points 

27 ft of weld 

500 points 

500 points 

varies 

Up to 256 points 

1 

2048 points 

2048 points 

varies 


350 steps 

400 points 


1000 points 

variable 

800 points 

1000 steps/points 

2200 points 

1000 points 

1 2200 points 

1000 points 



Programing 

Method 

dn-jas iBomeipaw 

\ 





































\ 

\ 


\ 























luepuad 




\ 

\ 



\ 

\ 


\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 



\ 


\ 


\ 

\ 

\ 

\ 



pjeoqAa>| 


\ 

\ 








\ 

\ 

\ 




\ 

\ 


\ 


\ 

\ 

\ 

\ 

\ 


\ 

\ 



Memory Devices 

jaouanbas 
dais leojueqoaw 
































o|6on J!V 

\ 































>iSja jo 
adei DjiauBeyj 




\ 


\ 

\ 

\ 



\ 

\ 

\ 


\ 

\ 

\ 

\ 





\ 

\ 


\ 


\ 

\ 



so{uojpa|3 

apis Plios 

\ 


\ 

\ 


\ 

\ 

\ 



\ 

\ 







\ 




\ 

\ 


\ 


\ 

\ 



A Table of 
Contemporary 
Manipulator 
Devices 

| Seiko Instruments, 700 

Sigma Sales, Sigma Max 

Sterling Detroit, Robotarm 

Systems Control, Smart-Arms 

| Thermwood, Cartesian 5 

Thermwood, Series Six 

Thermwood, Series Seven 

Thermwood, Series 3 

Tokico America, Spray-painting Robot 

Unimation, Unimate Apprentice 

Unimation, Unimate Puma 250 

| Unimation, Unimate Puma 500/600 

Unimation, Puma 760 

Unimation, Unimate 1000 

Unimation, Unimate 2000 

Unimation, Unimate 4000 

Unimation, Unimate 8000 

| Unimation, Unimate 9000 

United States Robots, Maker 100 

United Technologies, NIKO 150 

Westinghouse, Series 1000 & 2000 

Westinghouse, Series 4000 

Westinghouse, Series 5000 

Westinghouse, Series 7000 

Wexford Robotics 

Vaskawa Electric, Motoman L3 

Yaskawa Electric, Motoman L3C 

j Yasakawa Electric, Motoman L-10G 

Yasakawa Electric, Motoman S30 
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Manufacturer. Model 

Telephone 

Typical 

Price 

Load Carrying 
Capacity (Ibf) 

Repeatability 

(In) 

Maximum Tip 
Speed, No Load 
(Ips) 

Coordinate 

System 

Maximum Movement 

Type of 
Drive 

Control: 

Continuous Path, 
Controlled Path, 
PoInt-to-PoInt (C,C*,P) 

Cartesian 

Cylindrical 

Spherical 

General 

Manipulator Reach 

Manipulator Elevation 

Manipulator Rotation 
or Translation 

End Effector 
Pitch (deg) 

End Effector 
Yaw (deg) 

End Effector 
Roll (deg) 

Electric 

Hydraulic 

o 

a 

E 

3 

® 

c 

a 

Non-servo 

Servo 

- 

Seiko Instruments, 700 

213/530-8777 

$ 9,600 

2.2 

0.001 

12 


✓ 



7.9" 

1.6" 

120° 



180 




P 


Sigma Sales, Sigma Max 

714/974-0166 

$ 4,000 

1. 

0.025 

30 



✓ 



90° 

o 

CO 

90 

180 

180 






Sterling Detroit. Robotarm 

313/366-3500 

$ 35,000 

150 

0.005 



✓ 



120" 

72" 










Systems Control. Smart-Arms 

617/263-1767 

$ 4.000 

4.4 

0.02 

90° 











✓ 





Thermwood, Cartesian 5 

812/937-4476 

$ 50,000 


0.010 






36" 


60" 









Thermwood, Series Six 

812/937-4476 

S 50,000 

18 

0.125 

40 



✓ 


46" 

80" 

135° 

180 

180 

270 


✓ 



C 

Thermwood. Senes Seven 

812/937-4476 

$ 37,000 

25 

0.060 






39" 

76" 

280° 

180 


300 





C 

Thermwood, Series 3 

812/937-4476 

S 35,000 

50 

0.06 

45° 



V* 


60° 

100° 

280° 

210 


360 


✓ 



P 

Tokico America, Spray-painting Robot 

213/328-7484 

$100,000 


0.080 





✓ 

81" 

89" 

100° 

210 




✓ 




Unimation, Unimate Apprentice 

203/744-1800 

$ 38,500 

10 

0.04 






64" 

35" 

64" 

165 

360 


✓ 





Unimation, Unimate Puma 250 

203/744-1800 

$ 41,000 

2 

0.002 

39 





16" 

29" 

315° 

240 

535 

575 

✓ 




C. P 

Unimation, Unimate Puma 500/600 

203/744-1800 

$41,000/ 

S47.000 

5.5 

0.004 

20 



✓ 


36" 

62.5" 

320° 

200 

532 

300 





p 

Unimation, Puma 760 

203/744-1800 

$ 60,000 

22 

0.008 

40 







320° 




✓ 





Unimation, Unimate 1000 

203/744-1800 

$ 27,500 

50 

0.05 

30 



✓ 


42" 

56° 

208° 

90 

90 



✓ 



p 

Unimation, Unimate 2000 

203/744-1800 

$ 46,000 

300 

0.05 

30 





42" 

56° 

208° 

220 

200 

360 





p 

Unimation, Unimale 4000 

203/744-1800 

$ 64.000 

450 

0.08 

36 





52" 

51° 

200° 

226 

320 

370 


✓ 



p 

Unimation, Unimate 8000 

203/744-1800 

$ 52,000 

300 

0.05 












✓ 

✓ 




Unimation, Unimate 9000 

203/744-1800 

$ 70,000 

450 

0.08 












✓ 

✓ 




United States Robots, Maker 100 

215/825-8550 

$ 38,000 

5 

0.004 

65 



✓ 


20" 

20" 

350° 

210 

- 

350 

** 




C. P 

United Technologies, NIKO 150 

313/593-9600 

$ 80,000 

33 

0.010 






53.3" 

93" 

320° 




✓ 





Westinghouse, Series 1000 & 2000 

412/255-3329 

$ 30,000 

11 

0.001 








360° 









Westinglouse, Series 4000 

412/255-3329 

$ 65,000 

22 

0.008 

3.9 







370° 









Westingnouse, Series 5000 

412/255-3329 

$115,000 

22 

0.004 

20 

✓ 










✓ 





Westinghouse, Series 7000 

412/255-3329 

$115,000 

20 

0.016 

9 6 

✓ 















Wexford Robotics 

306/522-7429 

$ 20,000 

50 

0.02 

39.4 
















Yaskawa Electric, Motoman L3 

312/564-0770 

$ 50,200 

6.6 

0.004 

70 





40" 

51" 

240° 

180 


360 





C. P 

Yaskawa Electric, Motoman L3C 

312/564-0770 

$ 71,000 

6.6 

0.004 





✓ 

36.2" 

47.8" 

240° 








✓ 

Yaskawa Electric, Motoman L-10G 

312/564-0770 

$ 59,000 

22 

0.008 

40 


✓ 


✓ 

50" 

68" 

240° 

180 


360 





C. P 

Yaskawa Electric, Motoman S30 

312/564-0770 

$ 45,200 

66 

0.012 

40 





38" 

30" 

40" 

- 

- 

— 





p 












































These tables are reproduced from the Stock Drive Products Data Book, Volume 2 available This material is authored by Bernard Roth, a professor in the Design Division of the 

at $7.95 from: Educational Products, P.O.Box 606, Mineola, New York 11501. Mechanical Engineering Department at Stanford University in Stanford, California. 


Patent Probe 


New Robot 
Patent Category 


Are you a stock exchange analyst who 
wants to know which corporation designs 
the most innovative tactile sensors? 

Or perhaps you are an R&D planner who 
needs to know which control systems the 
competition is developing? 

Maybe you are a robotics experimenter 
looking for a gripper for the robot you are 

United States Patent [i9j 

Engelberger et al. 


Susan B. Rifkin 

1401 South George Mason Drive 
Arlington, Virginia 22204 

building in your basement? 

If you answered “yes” to any of these ques- 
tions, you should know that United States 
patents contain information that can help 
answer these and many other questions. 

[ii] 4,260,941 
[45] Apr. 7, 1981 


[54] PROGRAMMABLE AUTOMATIC 
ASSEMBLY SYSTEM 

[75] Inventors: Joseph F. Engelberger, Newtown; 

Torsten H. Lindbom, Brookfield; 
Maurice J. Dunne, Newtown; 
William Perzley, Weston; Wilbur N. 
Roberta, Newtown; Horace L. 
Gardner, Ridgefield, all of Conn. 

[73] Assignee: Unimation, Inc., Danbury, Conn. 

[21] Appl. No.: 31,462 

[22] Filed: Apr. 19, 1979 


Related U.S. Application Data 

[62] Division of Ser. No. 625,932, Oct. 28, 1975, Pat. No. 
4,163,183. 

[51] lnt. Cl.> G05B 11/32 

[52] U.S. Cl •• 318/562; 3 1 8/568; 

415/5 

[58] Field of Search 318/562, 568; 414/5 

[56] Reference* Cited 

U.S. PATENT DOCUMENTS 

3.701,888 10/1972 McDaniel 318/562 

3.757,187 9/1973 Arai 318/562 

4,011,437 3/1977 Hohn 318/568 

4,025,838 5/1977 Watanabe 318/568 


FOREIGN PATENT DOCUMENTS 
1418710 12/1975 United Kingdom 318/568 

Primary Examiner — Gene Z. Rubinson 
Assistant Examiner — Eugene S. Indyk 
Attorney. Agent, or Firm — Mason, Kolehmainen, 
Rathbum & Wyss 

[57] ABSTRACT 

A programmable automatic assembly system is pro- 
vided which may be employed to assemble small parts. 
Each assembly station includes cooperating manipula- 
tor arms which are programmable to assemble parts on 
a centrally located work table. Improved facilities are 
provided for teaching the manipulator arms at each 
station, these facilities including a computer which as- 
sists the teaching operator in setting up the programs 
required for assembly of small parts to close tolerances. 
Each manipulator arm includes closed loop teach facili- 
ties for maintaining the arm at a previously located 
position during the teaching mode of operation. The 
computer is employed as a teach assist facility in per- 
forming a number of tasks during the teaching operation 
which are extremely difficult for the operator to per- 
form manually. AH of the assembly stations may be 
controlled during playback from a common disc storage 
facility so that the control circuitry and memory stor- 
age facilities at each manipulator are minimized. 

5 Claims, 73 Drawing Figures 



Figure 1. The front page of a patent names the inventors and assignees, presents an abstract of the 
patent, and provides a drawing of the invention. 
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Patent Contents. A patent's primary pur- 
pose is to protect inventors' rights to ideas 
and make technical information available 
to others. The front page of recent U.S. 
patents contain other valuable information. 
A typical front page is shown in figure 1. 
A patent’s front page can tell you: 

• Who the inventors are in an area of 
technology 

• Where the inventors are located 

• What organization, if any, was assigned 
the patent rights 

• When the U.S. Patent and Trademark 
Office received the patent application 

• What prior art is closely related to the 
invention protected by the patent 

• A brief abstract of the technical 
disclosure in the patent 

• A representative drawing 

The first page of the specification usual- 
ly includes a discussion of the prior art over 
which the patented invention is an improve- 
ment. The inventor often discusses the in- 
vention’s goal and the approach he or she 
used to achieve that end. Succeeding pages 
discuss the invention and contain illustra- 
tive drawings. The specification concludes 
with one or more claims which point out 
and distinctly claim the subject the inven- 
tor regards as the invention or discovery. 
These claims sometimes are neither sim- 
ple nor straightforward, but still are 
informative. 

Obtaining Patents. Until recently, it was 
often difficult to obtain robot patents. Robot 
patents are categorized in many places, 
depending on the disclosed invention’s 
structure. The Patent and Trademark Of- 
fice has granted more than 4 million U.S. 
patents, which are categorized among ap- 
proximately 113,000 divisions of technology 
that make up the U.S. Patent Classification 
System. One copy of each patent is kept in 
each appropriate division of technology. 


Along with similarly categorized foreign 
patents and other technical publications, 
they make up a collection of over 25 million 
documents. Patents are placed into a cate- 
gory according to the structure of the in- 
ventions’s technology. 

A report produced by the Patent and 
TVademark Office for the National Technical 
Information Service lists 212 of the robot 
patents. This report, Industrial Robots— A 
Survey of Foreign and Domestic US. Pa- 
tents , analyzes robot patents granted by the 
Patent and Trademark Office between Jan- 
uary 1969 and March 1982. Although a 
good starting point, the report is not an ex- 
haustive collection. Keyword searches on 
commercial automated patent data bases 
help to find some, but not all, robot patents. 

Relief is in sight. The Patent and TVade- 
mark Office is establishing a collection of 
robot patents and technical literature. Class 
901— Robots should be available in early 
1984. This class contains 710 U.S. robot 
patents, about 1000 foreign patents, and 
450 articles organized into appropriate 
categories. 

Officially, this classification is a “cross- 
reference art collection.” The patents in it 
can still be found under other classes. Class 
901 is a collection of patents whose primary 
or original classifications are in another 
area of technology. In Class 901— Robots 
patents are categorized into such technolo- 
gies as: 

• Arm motion controllers 

• Programming systems 

• Arm movement coordinate systems 

• Manipulator arm parts 

• Drive systems 

• Means for communicating with other 

machines 

• End effectors 

• Sensing devices 

• Safety devices for robots 

The Patent and TVademark Office has 
also collected foreign patents and non- 
patent literature. Copies of the foreign 
patents and technical articles are being 
placed into appropriate categories in Class 
901. This means that the U.S. patents, 
foreign patents, and technical articles will 
be in a “search room” at the Patent and 
Trademark Office, where they will be 
available for perusal. Pertinent books, along 
with extensive bibliographies, are available 
in the Patent and TVademark Office Scien- 
tific Library. 

The information is also located in the 
more than 40 Patent Depository Libraries 


Alabama 

Auburn University Library 

(205) 826-4500, X2I 


Birmingham Public Library 

(205) 254-2555 

Arizona 

Tempe: Science Library, Arizona State 



University 

(602) 965-7140 

California 

Los Angeles Public Library 

(213) 626-7555, X273 


Sacramento: California State Library 

(916) 322-4572 


Sunnyvale: Patent Information Clearinghouse 

(408) 738-5580 

Colorado 

Denver Public Library 

(303) 571-2122 

Delaware 

Newark: University of Delaware 

(302) 738-2238 

Georgia 

Atlanta: Price Gilbert Memorial Library, 



Georgia Institute of Technology 

(404) 894-4508 

Illinois 

Chicago Public Library 

(312) 269-2865 

Indiana 

Indianapolis: Marion County Public Library 

(317) 269-1706 

Louisiana 

Baton Rouge: Troy H. Middleton Library, Loui- 



siana State University 

(504) 388-2570 

Massachusetts 

Boston Public Library 

(617) 536-5400, X265 

Michigan 

Detroit Public Library 

(313) 833-1450 

Minnesota 

Minneapolis Public Library and Information 
Center (612) 372-6570 


Missouri 

Kansas City: Linda Hall Library 

(816) 363-4600 


St. Louis Public Library 

(314) 241-2288, X390,X39I 

Nebraska 

Lincoln: University of Nebraska-Lincoln, 



Engineering Library 

(402) 472-3411 

Nevada 

Reno: University of Nevada Library 

(702) 784-6579 

New Hampshire 

Durham: Dimond Library, University of New 



Hampshire 

(603) 862-1777 

New Jersey 

Newark Public Library 

(201) 733-7815 

New York 

Albany: New York State Library 

(518) 474-5125 


Buffalo and Erie County Public Library 
New York Public Library (The Research 

(716) 856-7525 X267 


Libraries) 

(212) 930-0850 

North Carolina 

Raleigh: D.H. Hill Library, NC State University 

(919) 737-3280 

Ohio 

Cincinnati and Hamilton County, Public 



Library of 

(513) 369-6936 


Cleveland Public Library 

(216) 623-2870 


Columbus: Ohio State University Libraries 

(614) 422-6286 


Toledo/Lucas County Public Library 

(419) 255-7055, X2I2 

Oklahoma 

Stillwater: Oklahoma State University Library 

(405) 624-6546 

Pennsylvania 

Cambridge Springs: Alliance College Library 

(814) 398-2098 


Philadelphia: Franklin Institute Library 

(215) 448-1321 


Pittsburgh: Carnegie Library of Pittsburgh 
University Park: Pattee Library, Pennsylvania 

(412) 622-3138 


State University 

(814) 865-4861 

Rhode Island 

Providence Public Library 

(401) 521-7722, X226 

South Carolina 

Charleston: Medical University of South' 



Carolina 

(803) 792-2372 

Tennessee 

Memphis and Shelby County Public Library 



and Information Center 

(901) 725-8876 

Texas 

Austin: McKinney Engineering Library, Universi- 



ty of Texas 

(512) 471-1610 


Dallas Public Library 

(214) 749-4176 


Houston: The Fondren Library, Rice University 

(713) 527-8101, X2587 

Washington 

Seattle: Engineering Library, University of 



Washington 

(206) 543-0740 

Wisconsin 

Madison: Kurt F. Wendt Engineering Library, 



University of Wisconsin 

(608) 262-6845 


Milwaukee Public Library 

(414) 278-3043 


Thble 1. These libraries offer CASSIS (Classification And Search Support Information System), which provides 
direct, on-line access to Patent and TVademark Office data. The information contained in the Sunnyvale California 
Patent Information Clearinghouse is organized by subject matter. The phone number listed for the Franklin 
Institute Library in Philadelphia, PA should be used only between the hours of 10:00 AM and 5:00 PM. 


ROBOTICS AGE January 1984 37 


(see table 1). These libraries receive cur- 
rent issues of US patents and maintain col- 
lections of earlier issued patents. The scope 
of these collections varies from library to 
library. Many of these libraries have com- 
plete collections dating back to 1790. All 
libraries, except one, offer CASSIS 
(Classification And Search Support Infor- 
mation System). CASSIS provides direct, 
on-line access to Patent and Trademark Of- 
fice data, including keyword search 
capability. 

The Robots classification will be available 
on the CASSIS system as soon as the class 
is officially established. You will be able to 
use the following method to find specific 
types of robot patents: 

• Select the Manual of Classification 
page that contains the official “schedule” 
(list of categories) 

• Choose a technology category and note 
its classification number 

• Ask CASSIS to display the patent 
numbers for all patents in that category 

• CASSIS responds with a list showing 
the newest patents first 

• After obtaining the list of patents, you 
can either look up the patents at the Pa- 
tent Depository Library or order patent 


copies from the Patent and Trademark 
Office 

Custom Reports. An alternative method of 
analyzing data from a large number of 
patents is available. The Patent and 
Trademark Office’s Office of Technology 
Assessment and Forecast can provide 
custom reports generated from their com- 
puterized patent data base. The Office of 
Technology Assessment and Forecast pro- 
vides a variety of reports analyzing such pa- 
tent data as: 

• Organizations assigned patents within 
a given technology 

• Titles and numbers of patents within 
a given technology, or assigned to specific 
organizations 

• The names and addresses of inventors 
of unassigned patents 

• The field of search and references cited 
in the examination leading to the patent 
grant 

• The year of patent application or grant 

• The inventor’s country of residence 
The Office of Technology Assessment 

and Forecast provides these reports on a 
cost-reimbursable basis. Reports are 
available for any category of technology that 


can be identified under the U.S. Patent 
Classification System. After Class 901 is part 
of the system, you will be able to order these 
custom reports on robotics areas. 

The process of developing Class 901- 
Robots will continue even after it becomes 
available for use. If you have any comments 
or suggestions, you can contact the Patent 
and Trademark Office. You may send com- 
ments about the class organization to Mr. 
Edward J. Earls, Director, Mechanical 
Classification. The Patent and TVademark 
Office will also appreciate referrals to 
organizations with information to add to 
this collection. Ms. Joan Mavity of the Pa- 
tent and Trademark Office Scientific 
Library is in charge of collecting nonpatent 
literature. □ 


Patents may be ordered from the Patent and 
Trademark Office, Department of Commerce, 
Washington, DC 20231. The cost is $1.00 per patent 
request. 
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inate seals and friction. Both fully adjustable 
and exclusive self-adjusting styles available, 
with or without reset springs. Choice of pure 
compression, pure tension, or double-acting 
models. Price competitive for today’s market. 

_ Write for catalog. 

SciD^OlJEDPdevices inc. 

PHONE 716-694-0800 200 MICHIGAN AVENUE 

N. TONAWANDA, NY 14120 



Micromint will put both a computer 
development system and an OEM dedicated 
controller in the palm of your 
hand for as little as $105* 


quantities of 100 


Z8 CROSS ASSEMBLERS 
FROM ALLEN ASHLEY 
For TRS-80 Model I (XAS01) - $ 75 
For TRS-80 Model III (XAS02) $ 75 

CP/M 2.2 8” (XAS03) $150 

Northstar 5%" (XAS04) $ 75 


FROM MICRO RESOURCES 

CP/M 2.2 8" (MR01) $ 75 

Apple II CP/M 5%" (MR02) . . $ 75 
6502 based systems (MR03) . . $ 75 
IBM PC 5%" (MR04) $ 75 


As featured in Ciarcia’s Circuit Cellar. 
Byte Magazine. July, August, 1981. 


To Order: 


Z8 BASIC SYSTEM CONTROLLER 

(BCC11). . $149 

NEW Z8 FORTH SYSTEM 
CONTROLLER (BCC21) . . $280 


Call Toll Free 
1-800-645-3479 

For Information Call: 

1-516-374-6793 


NEW TERM-MITE Z8 BUS COMPAT- 
IBLE INTELLIGENT TERMINAL 
BOARD (BCC22). . $275 

Z8 Expansion Board 

w/8K memory (BCC04) . . 

Z8 Mother Board 

w/ 5 gold connectors .... (MB02) . . 

Z8 EPROM Programmer . . (BCC07) . . 

Z8 Serial Expansion Board . (BCC08) . . 

Z8 BASIC A to 0 Converter (BCC13) . . 

Z8 BASIC 16K Memory Expansion 

(BCC15) . . 



561 Willow Avenue 
Cedarhurst, NY 11516 


Z8 is a trademark of Zilog Inc. 
CP/M is a trademark of 
Digital Research 
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Operator Roles 
in Robotics 


Progress in hardware, software, sensory 
technologies, and artificial intelligence 
methodologies has made robotics a solu- 
tion to problems in industrial, medical, and 
battlefield applications. The principal func- 
tion of robotics in each of these applica- 
tions is to replace, augment, aid, and 
improve human performance in sensory, 
manipulative, and cognitive functions. 

Today’s complex tasks, however, still re- 
quire humans to supervise the robot’s 
operation, to control its performance, and 
to monitor its status. The roles of the human 
operator have a significant impact on the 
human-factors aspects of robotic systems 
design. New, unanticipated operator roles 
can evolve in response to significant ad- 
vances in machine intelligence. The role of 
the human operator in robotics and the 
associated human-factors problems are 
described in this article. 

Background. Automation has already made 
its mark in industry and commerce. In its 
earliest widespread applications (during the 
1950s and 1960s), the human operator 
served as watchman, repairman, bookkeep- 
er, or activator. In such applications, 
however, robotics and automation consisted 
of closed-loop control devices that did not 
require human intervention. 

The next generation of automation, from 
1970 to 1979, used developments in com- 
puter technology, large-scale integrated 
circuits, sensors, and machine decision 
making to construct robots that assumed 
some of the human’s low-level decision- 
making responsibilities. In these systems, 
the task was defined a priori, but the specific 
sequence of the task execution was not 
known in advance. As a result, on-line deci- 
sion making beyond a simple go or no-go 
decision was typically required. 

In the 1980s, the focus of robotics 
research has shifted to developing in- 
telligent systems capable of performing with 
the human operator in the higher-level 


John Lyman 
Professor and Chair 
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University of California at Los Angeles 
Los Angeles, California 90024 

and 
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Perceptronics, Inc. 

Woodland Hills, CA 91367 

cognitive functions. The goal of these 
systems is to cope with unstructured and 
uncertain environments during the per- 
formance of their tasks. Expert systems 
technology is expected to be used to in- 
crease the problem-solving and decision- 
making abilities of these intelligent robots. 
(For more information on the current state 
of knowledge in the robotics field, see the 
references at the end of this article.) 

Robotic systems are unique in that they 
cannot be readily classified as manned or 
unmanned according to current standards. 
A robotic system that has no human aboard, 
for example, may still be controlled by an 
operator from a remote site. If “manned” 


Roles of the 
Human Operator- 
in Robotics 


Monitor 


Manager 


Maintainer 


Figure 1. The role of the human operator in robotics. 


implies an onboard operator, a remote 
system would be classified as unmanned. 
However, since a human operator is moni- 
toring and supervising its behavior from a 
remote location, it may just as well be 
termed manned. 

We define a robotic system as a man- 
machine system that replaces, enhances, 
and extends human sensory, manipulative, 
and cognitive capabilities. The purpose of 
a manipulative system, for example, may be 
to enable the human to grasp objects and 
work at locations where the environment 
is unsafe for humans, where the task 
requires capabilities beyond human en- 
durance or strength, or where the environ- 
ment’s spatial constraints (such as a 
cramped area) prevent human presence. 
Similarly, the purpose of a sensor system 
may be to locate objects in poor visibility 
conditions. 

Operator roles. The primary roles of the 
robot operator fall under three general 
categories: monitor, manager, and main- 

Watchman 


Task Progress Monitor 


Overall Goal Setter/Planner 
System Supervisor 
Data Organizer 
Controller 

Contingency/Malfunction Handler 
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tainer. The monitor checks the status of 
subsystems and overrides the system on oc- 
casions when the task is not progressing 
satisfactorily. 

The manager’s role includes setting goals, 
making decisions, supervising subsystems, 
organizing data, controlling the system, and 
handling contingencies. When planning 
and setting goals, the manager is operating 
at the most abstract level in the task- 
performance hierarchy. At this level, the 
scope of his or her knowledge requires 
more breadth than depth. As system super- 
visor, the manager sets schedules, deter- 
mines task assignments, monitors the 
progress of the task, and intervenes when 
necessary to exercise override options. 
These options could include narrowing the 
scope of the task, revising interim goals, 
reallocating assignments, or aborting the 
mission. 

As a data organizer, the manager assimi- 
lates, arranges, generates, and filters infor- 
mation. The manager’s burden depends on 
the complexity and volume of the data to 
be organized, on the time constraints that 
he or she must perform under, and on 
the availability of effective information- 
management aids. In the manager’s con- 


troller capacity, he or she specifies the 
command to be executed by the system, 
evaluates the system’s response, and issues 
a new command. 

Finally, as a contingency handler, the 
manager has two key duties— to anticipate 
abnormal situations and to cope with 
malfunctions when they occur. In both 
cases, the manager must understand the 
types of problems that could arise, and must 
be able to develop and implement con- 
tingency plans. Since the first contingency 
plan may not always work, the manager 
must also be able to make on-the-spot plan 
revisions. 

In the maintainer’s role, the robot 
operator is concerned with identifying and 
diagnosing problems and with performing 
preventive and corrective maintenance. Ful- 
ly self-maintaining robots and specialized 
maintenance robots are some time away, 
although increasingly sophisticated, built- 
in, diagnostic displays will make the 
maintenance role more routine. 

Human factors. Each operator role has its 
own information-processing and decision- 
making demands, or task burdens. The 
monitor’s task burden is the least taxing, 


with relatively few decision-making occa- 
sions, most of which are reasonably well 
defined. The manager’s workload is usual- 
ly significant and sometimes too high to ex- 
pect acceptable performance for any length 
of time. Different decision-making oppor- 
tunities, from simple to complex, arise 
under each of the manager’s subroles. The 
maintainer’s burden varies with the type of 
maintenance he or she performs. With pre- 
ventive maintenance, the operator’s work- 
load is generally predetermined and usually 
reasonable for performing routine mainte- 
nance tasks, corrective maintenance, or 
troubleshooting. The workload and the task 
complexity could impose excessive pres- 
sures, especially if the process requires real- 
time response. 

Identifying human-factors problems. The 
monitor-manager-maintainer frame pro- 
vides a convenient basis for identifying 
critical human-factors problems. From the 
operator standpoint, these problems in- 
clude: employing effective learning ap- 
proaches to increase operator expertise; 
identifying appropriate skill requirements 
and task burdens; assessing human per- 
formance capabilities against task require- 
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merits; assigning tasks to the operator on 
the basis of suitable criteria; assuring health 
and safety. 

From the technological standpoint, the 
robotic system must: perform reliably within 
the environment and task constraints for 
which it was designed; be able to com- 
municate relevant status and sensory infor- 
mation to the operator in each of his or her 
capacities as monitor, manager, or main- 
tainer; be able to justify its existence as a 
cost-effective replacement for a human 
worker. 

Additional human-factors problems in- 
clude assessing the capability of both the 
trained and untrained operator, and predict- 
ing reliably how well an operator will per- 
form in unanticipated situations. The lat- 
ter problem is significantly more difficult. 

Familiarity with a situation is yet another 
variable with human-factors ramifications. 
The robot-human relationship during rou- 
tine situations tends to be highly structured. 
It is easier to predict how well an operator 
will perform when the system is fully 
specified than when he or she is working 
in an unstructured environment. 

In highly structured environments, auto- 
nomous operation by a priori scheduling 
is favored over human scheduling decisions. 
The success of the United States’ un- 
manned space-exploration program dem- 
onstrates this. Usually an autonomous 
robot operates subject to go/no-go operator 
decisions, a mode that might be termed 
“acknowledgement-consent.” A common 
variant of this mode occurs when the 
operator directly initiates operations which 
then become autonomous. The inevitable 
problem that confronts such systems is that 
the communication link between the 
operator and the robot may be broken, with 
no recovery possible. As task complexity 
and environmental demands increase, the 
tradeoff between the role of human in- 
telligence and the adaptive capabilities of 
the robot system becomes more complex. 
At an extreme, the operator’s creative 
abilities are pressed to their limits. 

This leads us to the root of what is 
perhaps the most difficult human-factors 
problem: dividing responsibilities between 
the operator and the robot within the cur- 
rent technological constraints. This prob- 
lem can be addressed by breaking down the 
task into its functional components, and 
making tradeoffs where possible. These 
components include: 

• sensory modes and levels of stimulation 


• data storage 

• knowledge encoding and transfer 

• programming capability 

• operations in failure mode 

• adaptability to multiple operation 

• span of control by one operator 

• endurance limits 

Ideally, task allocation should be situa- 
tion adaptive; that is, responsibilities of the 
operator and robot should shift in response 
to changing demands— a true teamwork ap- 
proach. This concept includes responsibili- 
ty exchanges at any of the major input, 
throughput, or output subtasks. The degree 
of true teamwork achievable today is 
hampered by computer memory and pro- 
cessing limitations, and by the state of the 
distributed processing, artificial intelli- 
gence, sensor, and computer networking 
technologies. 

Finally, the physical and mental burdens 
imposed on an operator by the need to in- 
teract with a robotic system must always be 
carefully defined in terms of safety and en- 
durance. A highly system-specific analysis 
is required for this aspect of human role 
assessment. 

Conclusion. We have suggested that opera- 


tor roles in robotics can be classified under 
the categories of monitor, manager, and 
maintainer. With increasingly sophisticated 
applications of machine intelligence, how- 
ever, these roles will require explicit and 
continuing reassessment. □ 
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G eneral Scanning introduces a new concept for fast, accurate 
data acquisition by combining rapid human-like X-Y random 
access motion with focus capability. The gs/EYE™ is an 
electro-optical system of precision beam deflectors and dynamic 
focusing components which inter- 
face with CCD or vidicon-type 
cameras and image processors. 

This provides a robotic vision 
system that emulates the image 
gathering performance of the 
human eye in a wide range of 
inspection and character 
recognition applications. 

The gs/EYE provides an 
expanded field of view for exist- 
ing or planned robotic vision 
systems. It eliminates the need 
for stationary, multiple cameras 
or cumbersome mechanical 
methods for random access. The gs/EYE is a programmable work 
station which is software controlled from the host computer. In 
industrial settings, this software control provides maximum opera- 
tional flexibility and minimizes re-configuration set-up time. 

For more information on the gs/EYE and how it can add 
human- like vision to your robotic system, call or write the Electro- 
Optics Systems Group at General Scanning. 
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The Scorpion 

SOFTWARE OVERVIEW 
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When designing a product, it is necessary 
to make a number of decisions that are 
transparent to the final user. Since the 
Rhino Scorpion is intended as a sophisti- 
cated and expandable floor mobile robot, 
certain criteria had to be kept in mind at 
all times. Of these, price and performance 
are the obvious prime considerations, but 
there are many others of interest to the 
robot enthusiast. 

Since a robot interacts with its environ- 
ment, we emphasized sensory and en- 
vironmental controls; the input and output 
for the robot. In order to have good I/O con- 
trol, we must select a good I/O chip. One 
of the best-known sophisticated I/O chips 
is the 6522. T\vo 6522s provide 32 I/O lines 
and four counter/timers. The Scorpion pro- 
vides expansion room for a third if needed. 
Now, what can be done with these 32 lines? 

First let’s consider the floor over which 
the robot runs. Floors are usually flat, but 
they can have patterns. If we could detect 
changes in brightness, we could find and 
follow edges. However, to really explore the 
floor, the robot needs two detectors. At this 
point we have used up a total of three of 
the 32 I/O lines. One is used to turn on lights 
to illuminate the floor, and two are used to 
monitor the resultant brightness. 

To create an interesting device, the Scor- 
pion should be capable of making noises. 
One I/O line is used to control a speaker. 
For starters, we provide the ability to con- 
trol the tone and its duration, using two of 
the timers on the 6522s. We have now used 
a total of four I/O lines and two timers. 

As the robot runs about, it will un- 
doubtedly run into obstructions. To make 
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intelligent decisions, we must determine 
which part of the robot encountered an 
obstruction. This will require a minimum 
of four switches to identify left, right, front, 
and back collisions. To provide even finer 
resolution, we can use eight switches (two 
on each side) to detect left-front, right-rear, 
etc. This scheme uses up another 8 con- 
trol lines. 

Of course, the robot must move. This mo- 
tion requires a minimum of two motors to 
control both speed and direction. We de- 
cided to use stepper motors which are each 
controlled by two control lines. In addition, 
wheel speed is controlled by using two more 
timers on the 6522. 

We need additional sensory information 


in addition to the bumper sensors. Vision 
would be an ideal addition. Unfortunately, 
conventional vision systems are too expen- 
sive. What if we could build an optical scan- 
ner that scanned the environment, col- 
lected the information, and displayed the 
information on the video screen? A display 
of 40 characters by 25 lines would produce 
1000 pixels of varying brightness. This 
should be sufficient for recognizing many 
simple objects. We could experiment with 
pattern recognition, perform calculations 
to enhance contrast, and find edges. 

To gather this information, a cadmium/ 
sulfide (CdS) photosensor is mounted at the 
focal point of a solar cigarette lighter and 
connected to an oscillator. As the assembly 



Photo 1. A fully-assembled Scorpion with the cover removed to expose the computer control card. The 0.5 
inch on-center holes along the sides and rear of the Scorpion can be used to attach Meccano and Erector 
set components to the system. The two microswitches behind each bumper and the two-axis optical scanner 
help form a rugged and reliable robot suitable for experimentation in artificial intelligence and robotic pro- 
gramming. The robot sells in kit form for $660. 
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INSTRUCTION 

MEANING OR PURPOSE 

/7M + ##-## 

Start both drive motors 

/4L - ## 

Start left drive motor 

/4R + ## 

Start right motor 

/2HR 

Reset horizontal scanner 

/5HM - ## 

Move horizontal scanner 

/4HS## 

Do a horizontal scan 

/2VR 

Reset vertical scanner 

/5VM - ## 

Move vertical scanner 

/4VS## 

Do a vertical scan 

/2E# 

Control the eyes 

/2G# 

Control ground tracker lamps 

/5Sffdd 

Control speaker frequency and duration 

/7Waaaa##hhhh .... 

Write programmable memory locations 

/7Raaaa## 

Read memory locations 

/1R 

Reset the system 

/3Yhh 

Set I/O master byte 

/3Zhh 

Ignore/Obey the I/O master byte 

/8C + ###### 

Move left motor a specific amount 

/8D + ###### 

Move right motor a specific amount 


INSTRUCTIONS THAT HAVE ANSWERS 

QUESTION 

MEANING, USE 

ANSWER 

/IB 

Bumper status 

Bhh 

/IS 

Scanner data 

SHhhhhhh.. 

/IE 

Eye status 

E# 

/1G 

Ground lamp status 

G# 

/IT 

Tracker status 

T### 

/I M 

Motor move status 

M -#### + #### 

/7Raaaa## 

Read memory 

Rhhhhhh.. 

/I Y 

Read I/O byte 

Yhh 

/IX 

Read busy byte 

Xhh 

/1C 

Left motor steps to go 

C#### 

/ID 

Right motor steps to go 

D#### 

/IP 

All parameters 

PBhhE#G#T###M - #### + #### 


parameters continued 

YhhXhhC####D#### 


Thble 1. Instruction set for Scorpion operating system. All questions are answered and terminated with hex- 
adecimal 0D0D0A. In the instruction set definitions, the following conventions are used: # = single decimal 
digit; hh = two-digit hexadecimal value between 00 and FF; aaaa = a hexadecimal digit between 0000 and FFFF. 


scans the room, the oscillator varies from 
13 Hz up to 1300 Hz. The Scorpion con- 
trol board dedicates eight bits to reading 
a digital counter and another bit to reset- 
ting the counter. T\vo more motors are used 
to control the horizontal and vertical scans. 

We have now used up a total of 29 bits. 
Adding two phototransistor eyes uses up 
two of the last three bits. The last available 
control bit is used to control the motor 
power so that we can shut them off com- 
pletely. This saves a lot of power when we 
are using batteries and also allows us to turn 
off the four main motors and turn on the 
two optional motors without needing more 
power. 

Software Control. One of the problems en- 
countered when designing a small system 
is the temptation to make the system do 
everything imaginable. Unfortunately, in a 
small system, this usually means nothing 
is developed very well. The ideal is to design 
a spartan but clever system that the user 
can modify. Flexibility is the foremost target. 

Since part of the Scorpion’s operating sys- 
tem is in EPROM, we moved all system con- 
stants to programmable memory so they 
can be modified. This allows you to extend 
and change the operating system without 
having to create new EPROMs. 

The operating system looks at the pro- 
grammable memory four times: after system 
housekeeping, after processing all the 
system-defined instructions, before the in- 
terrupt routine, and at the end of the inter- 


MARVIN MARK I 

The Most Sophisticated Personal/Educational Robot Available 

BRAINS BRAWN 


Single Board Computer/ Motherboard 
Processor- Motorola® M68000 16 bit microprocessor 
System Memory- 128K bytes RAM expandable to 51 2K byte on board, 
expandable to 8M byte by S- 100 board. ROM up to 16K bytes. 

System 1.0. 2-RS232 serial ports, one-parallel port. These are for communi- 
cation with the outside world, internal communications between servos and 
computer are taken care of directly. 

Expansion Bus- 8 slot S-100/IEEE-696 expansion bus. 

Intelligent Servo Controller- Resident on the expansion bus is one S-100 
card with 16-full 4 quadrant power M0SFET pulse width modulated servo 
controllers with axis feedback and auto refresh. 

This Iowa Precision Robotics Ltd. Model 68-100 computer supports 
CP/M® 68K and Forth operating systems. It is also used in our Industrial 
Robot Controller where it meets exacting requirements. 

BEAUTY 

Anthropomorphic design sculptured body skin adds a finishing touch to the 
fully machined aluminum inner structure. 

IOWA PRECISION ROBOTICS, LTD. 

908- 10th Street, Milford, Iowa 51351 Phone (712) 338-2047 


Two arms, each with: 

Axis One: Shoulder is powered thru 135°. The motion you use while bowling. 

Axis Two: Shoulder is powered thru 105°. The motion you use doing jumping 
jacks. 

Axis Three: Upper arm is powered thru 135° of rotation. The motion you use 
while arm wrestling. 

Axis Four: Elbow is powered thru 115°. 

Axis Five: Wrist is powered thru 90°. 

Axis Six: Gripper opens up to 272 inches and closes down to zero. 

All arm servos are powerful enough to enable ‘MARVIN’ handling a minimum 
five pounds load in each gripper. (A six pack of your favorite beverage weighs 
approx. 472 lbs.) 

In addition to the 12 arm axes, ‘MARVIN’ has: 

Neck is powered thru 180° rotation. 

Waist is powered from straight up to 50° forward. This enables him to reach 
the floor with his grippers. 

Drive Wheels- Each drive wheel is an individual servo to enable 
directional control. His maximum rate of forward speed is 50 inches per 
second and he has enough power to climb a 10% incline. 
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tuqn performance 

AUTomflTion 
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rupt routine. You can add your own operat- 
ing system and extend the system with your 
own instructions. You can also alter the in- 
terrupt routines. 

A useful experimental system must be 
able to talk back to a host computer. Only 
then can you close the control loop and use 
powerful machine intelligence procedures. 
Don’t ever overlook the necessity of feed- 
back in any system. 

Other Hardware Information. All ideas 
developed for and on the Scorpion are 
directly applicable to full-sized mobile 
robots, machine intelligence investigations, 
and pattern recognition studies and 
schemes. The Scorpion provides the hard- 
ware necessary to try out your ideas without 
requiring large amounts of money. 

The two-axis optical scanner can dis- 
criminate between lights of varying bright- 
ness, and provides the ability to perform 
celestial navigation by assuming that a light 
bulb at the ceiling is the north star. A seven- 
bit counter allows the discrimination of up 
to 127 brightnesses. Adjustable sensitivity 
is provided. This scanner allows you to col- 
lect optical data. You can manipulate the 
data mathematically to increase contrast 
and discern edges, images, etc. Optical 
recognition strategies can be worked out. 
The scanner resolution is 1.5 degrees per 
step. 

Control Instructions. Instructions are sent 
to the Scorpion by transmitting data to the 
port to which the robot is connected. The 
instruction format is as follows: 

• The first byte is always a slash, “/.” 
Whenever the Scorpion sees a “/ ” it resets 
the buffer and prepares to receive 
information. 

• The next byte usually tells the Scorpion 
how many bytes of data to expect. Up to 
nine bytes of data transmitted in ASCII for- 
mat can be accepted. A decimal “1” is 
transmitted as a hexadecimal 31. 

• The data itself follows the number. The 
first byte after the 'length of data” byte is 
an alphabetic character. This usually iden- 
tifies the type of instruction being sent. The 
data is always in hexadecimal ASCII format. 

Questions. The second set of instructions 
are questions that the Scorpion answers. 
For example, we can ask the Scorpion for 
the status of the two ground tracking photo- 
transistors whenever we want. The question 


Ziotach Corporation 

3433 Roberto Court 
San Luis Obispo, California 93401 
(8051 541-0488 


MULTIBUS is a trademark of the Intel Corporation. 
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format is the same format used for 
instructions. 

The answers given by the Scorpion can 
vary in length from 1 to 300 bytes. The 
answer format organization follows: 

• The first byte identifies the type of in- 
formation sent. It can be an alphabetic 
character like “E.” In our case “E” 
represents the eyes. 

• The data follows in hexadecimal ASCII 
format. 

• All answer transmissions end in hex- 
adecimal ‘0D0D0A’ representing two car- 


riage returns and a line feed. This can be 
changed to whatever you want. □ 


Next Month. Next month’s article ; the second 
in this three part series about the new Scorpion 
robot, describes the first half of the instruction 
set in detail 

Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

55 65 75 

Excellent Good Fair 


FREE! 

8088/ STD 
Application 
Note. 

Use reader 
response card 
or write direct. 


in€XP€DSIV€ 

shown, costs only $835 in 
Ziatech’s 8088 CPU 


Ziatech also manufactures 

controllers and interfaces for the STD 
MULTIBUS* and IBM Personal Computer. 


ZT 8812 Integrated Board Computer 


POU)€RfUL Ziatech’s 8088 processor boards are backed up 
by memories (1 Mbyte addressing], intelligent I/O processors, silicon 
operating systems and development software. 

COmPACT These 4 y 2 ’’ x 6 V 2 ” STD Bus compatible boards are 
small enough to fit inside robots, instruments 
and portable computers. 
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Rhino Scorpion 

hino Robots has introduced the Scor- 
pion, a small, sophisticated robot 
designed for the serious computer ex- 
perimenter. The on-board 6502 computer 
and two 6522 interface chips are software 
controllable. The Scorpion is programmed 
via an RS-232C serial interface. The on- 
board computer contains 8K bytes of 
EPROM and 2K bytes of programmable 
memory which is expandable to 64K bytes. 
Detailed electronic, mechanical, and pro- 


gramming information is contained in the 
130-page manual. 

The Scorpion can follow a tape on the 
ground, and detect various bodies through 
touch sensors. A two-axis optical scanner can 
recognize patterns over a 300-degree scan 
in both vertical and horizontal planes, with 
resolution of 1.5 degrees of scan per step. 
Contact: Rhino Robots, Inc., PO Box 4010, 
Champaign, IL 61820. Phone: (217) 
352-8485. Circle 40 


Robot Controls 

T he Robotic Development System fea- 
tures a full line of plug-in electronic/ 
pneumatic modules with STD-Bus compati- 
bility. The system is capable of controlling 
and monitoring any combination of 32 pneu- 
matic valves, pressure switches, transducers, 
or other elements. For a copy of their 16-page 
catalog, write: Robitech, Inc., Philip A. 
Surette, Director of Marketing, 134 Mystic 
Avenue, Medford, MA 02155. (617) 
395-3633. Circle 41 


Smart Rabbit 

AJ obby Robot Co. has introduced the 
A A Smart Rabbit Robot, a personal robot 
that stands just under 22 inches tall and 
weighs less than 25 pounds. The Smart Rab- 
bit is designed and priced as an entry-level 
robot for young robotics enthusiasts, and is 
a useful educational tool. The robot can carry 
a Timex-Sinclair TMX-1000 computer for in- 
dependent control or be controlled via most 
home computers. 

The Smart Rabbit is available in two kits. 
Level 1 includes a motorized base, head- 
mounted speaker, and eye LEDs, and a com- 
puter interface to allow control by either a 
Timex-Sinclair, Commodore VIC, or PET 
2000/4000 via a parallel output port. The 
Level 2 Rabbit includes all Level 1 com- 
ponents, motherboard, servocontrolled arms 
and grippers, servocontrolled head, and the 
necessary mechanical components to pro- 
vide a computer-controllable robot with func- 
tioning arms, grippers, and head. All servo- 
motors are proportionally controlled via the 
computer bus. Contact: Juanita M. Dodd, 
Hobby Robot Co., Inc., PO Box 887 
Hazlehurst, GA 31539. (912) 375-7821. 
Circle 43 


Stepping Motor Driver Box 

T he Smart Stepper is a microprocessor- 
controlled stepping-motor driver. The 
product supplies all of the power and circuitry 
to drive four stepping motors. (Approximate 
motor size limit is 30V and 5 A per winding.) 
The Smart Stepper is controlled via an RS- 
232 port. An on-board Z80A provides inter- 
mediate commands for controlling the 
number of steps, speed, direction, accelera- 
tion, half stepping, and many other functions. 
A built-in, time-of-day clock can be read from 
the controlling computer. Further control is 
possible with two opto-interruptors or limit 
switches per motor. Sample FORTRAN, 
BASIC, and assembler programs are 
included. 


The Smart Stepper is available for $850 
from Centre Computer Consultants, PO Box 
739, State College, PA 16801. (814) 
237-4535. Circle 42 
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XYZ Positioning System 

norad Corporation has introduced a 
high-speed, high-accuracy, air-bearing 
positioning system driven by linear motors. 
Possible applications include automatic in- 
spection of semiconductor wafers, high- 
precision lithography, and automatic 
assembly. The X and Y axes are special air- 
bearing Meehanite carriages. Both bear and 
ride directly on a highly stable lapped granite 
base. This removes the weight of one table 
bearing on top of the other, eliminating re- 
sultant cantilever deflections. Contact: Mar- 
tin Meyers, Anorad Corporation, 110 Oser 
Avenue, Hauppauge, NY 11788. (516) 
231-1990. Circle 44 


Image Analyzer 

mage Technology Corporation has intro- 
duced the Model 2000 Image Analyzer, 
a computer-controlled, low-cost system 
designed for the researcher or engineer who 
requires measurements such as length, 
width, area, perimeter, shape, or position. 
The Model 2000 uses a video camera, video 
processor, and computer to provide nonin- 
vasive measurements accurate to 1/512 of the 
measurement field. Measurements can be 
made directly from a microscope or through 
a 50mm macroscopic lens. 


All image analysis functions are controlled 
directly from the computer. The operator 
enters measurement commands from the 
keyboard which can be stored and executed 
at a later time. Typical applications include: 
detecting defects in silicon substrates, robotic 
control, microcircuit quality control, phase 
analysis of minerals, cell counting and siz- 
ing, and microscopic measurements. Con- 
tact: Image Technology, Corporation, 120 
Jefryn Boulevard, Deer Park, NY 11729. 
Phone: (516) 595-1600. Circle 45 





Micro D-CAM Image Sensor 

/l^icromint’s 256 by 128 silicon array 
1 r J. array digital image sensor and menu- 
driven software allow your computer to in- 
terpret, enhance, and store images. Available 
in IBM PC and Apple II versions (RS-232 
versions available on special request). Micro 
D-CAM software includes utilities for auto 
exposure, multilevel grayscale, screen dumps, 
picture storage, and image enhancement. 
Typical uses include graphics, pattern and 
character recognition, robotics, process con- 
trol, and security. The assembled camera and 
interface card costs $295.00. For more in- 
formation contact: The Micromint, Inc., 561 
Willow Ave., Cedarhurst, NY 11516. (800) 
645-3479. Circle 46 
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RB5X Enhancements 

he RB5X comes completely assem- 
bled with Polaroid Rangefinder™ 
sonar sensing, its own battery charger, and 
circuitry and software that enables it to find 
its charger when the batteries are low. Hard- 
ware options, such as voice synthesis and a 
robotic arm, are available as add-ons. The 
most significant enhancement is on the in- 
terface panel. A socket has been added for 
connecting an optional 2K byte or 4K byte 
preprogrammed software module, including 
one containing a self-diagnostic utility pro- 
gram that now comes standard. 

A very noticeable change is the series of 
cutouts in the upper body. Covered by 
removable plastic caps, these cutouts accom- 
modate hardware attachments, which RB5X 
owners either construct themselves or pur- 
chase from RB5X dealers. The robot now 
comes standard with a speaker grille for 
added voice. New RB5Xs also contain an 
automatic battery shutoff circuit that protects 


Robot Grippers 

ir Technical Industries has intro- 
duced a line of robot grippers and at- 
tachments including a three-finger gripper, 
a human-finger-like “soft touch” gripper, Ven- 
turi suction cups, and two-finger grippers. 
The standard off-the-shelf grippers can be 
mounted on any type of robot wrist. The 
fingers are replaceable with a variety of dif- 
ferent fingers. All grippers are pneumatic or 
vacuum operated. They are also available in 
electromagnetic solenoid or hydraulic 
models for heavier capacities. Contact: Air 



the robot’s batteries from draining beyond 
the point of damage. Owners can check the 
battery charge level by reading the new LED 
bar on the interface panel. 

The upgraded RB5X is available for $1795. 
Upgrade kits for existing units are available 
for $300. For more information contact: 
Sharon D. Smith, RB Robot Corp., 18301 
West 10th Ave., Suite 310, Golden, CO 
80401. (303) 279-5525. Circle 47 



Technical Industries, 7501 Clover Avenue, 
Mentor, OH 44060. Phone: (216) 951-5191. 

Circle 48 



VoiceBoard Produces 
Synthesized Speech 

he latest development in synthesized 
speech technology from Microvoice 
has resulted in natural-sounding speech that 
can easily be added to robotic devices. 
Voiceboard™ is a compact, reliable circuit 
board that makes it simple to incorporate 
speech into your product or equipment to 
announce warnings, messages, and instruc- 
tions. As many as 64 inputs and 8 minutes 
of speech are available with customized 
speech capability. Voice is triggered through 
simple switch closures or by computer con- 
trol. Product versions and vocabularies 
tailored for the robot industry allow you to 
add auditory features which will aid produc- 
tivity and communication between man and 
machine. The basic OEM VoiceBoard is 
priced as low as $375.00 for volume 
purchases. 

For more information contact: Microvoice 
Systems, 23362 Peralta Dr., Suite 5, Laguna 
Hills, CA 92653. (714) 859-1091. 
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Precision Motion Control 

T he HB Series Pulse Width Modulated 
Amplifier from Systems and Automa- 
tion Engineering is designed to drive DC 
motors in applications requiring quick 
response and high-quality velocity regulation, 
such as robotics, numerical control, semicon- 
ductor manufacturing equipment, medical 
equipment, and process control. 

The PWM Amplifier uses an H-Bridge ar- 
rangement to provide the servo system 
designer with full bipolar control of both 
speed and acceleration while eliminating the 


nonlinearities normally associated with 
bipolar amplifiers. A high switching frequen- 
cy (20kHz) is used to eliminate motor 
resonance problems usually found in lower 
frequency amplifiers. The PWM Amplifiers 
are available in eight models with voltages 
ranging from 24VDC to 90VDC, with out- 
put current to 16 Amperes. 

For more information contact: Jim Mack 
or Alan Rutherford at Systems and Automa- 
tion Engineering, 1485 Kerley Drive, San 
Jose, CA 95112. (408) 287-0300. 


Circle 50 
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Robot Pets 

opet™ is a personal robot which 
does not require an external computer 
for operation. Its built-in computer controls 
mobility and provides collision avoidance, the 
ability to obey spoken commands, and both 
speech and complex sound generation. Use 
of the industry standard Z80 processor, stan- 
dard S-100 bus, and modular construction, 
allow easy expansion and customization. 
Ropet is powered by two gel cells which per- 


mit operations for up to eight hours and can 
be recharged overnight. Plug-in cartridges 
provide programs for security, entertainment, 
and education. External communications are 
available for connecting Ropet to a develop- 
ment station. 

For more information contact: Personal 
Robotics Corporation, 469 Waskow Drive, 
San Jose, CA 95123. (408) 281-7648. 

Circle 51 


Reticon to Q-Bus Interface 

C* G&G Reticon has announced a 
Uj camera plus computer interface board 
combination designed for the Digital Equip- 
ment Corporation Q-Bus. The Model 
RSB6320 is designed to accept digital 1-bit 
binary images from virtually all Reticon Line 
Scan and Area Image Sensing cameras. Im- 
age data can be processed into a run-length 
encoded format without the need for com- 
puter intervention. T\vo encoding modes can 
be selected. One mode stores the pixel ad- 
dress of an image transition, the other mode 
stores the transition data as pixel groups be- 
tween transitions. Run-length encoded data 
is stored on-board in a 253 word memory. 
The interface board is priced at $895. Con- 
tact: EG&G Reticon, 345 Potrero Avenue, 
Sunnyvale, CA 94086-9930. (408) 738-4266. 
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ROBOTICS INDIVIDUAL with 
background to design, develop and imple- 
ment a Robotics curriculum for Technical 
Training Institute. Must be hard-working, im- 
aginative and a self-starter. Excellent oppor- 
tunity for the right person. Send resume to: 
TCI ELECTRONICS DEPT., 605 Day Hill 
Road, Windsor, CT 06095. 

ROBOT AND ROBOT PERIPH- 
ERAL MAKERS to team up with 
marketing organization for JOINT VEN- 
TURE. Contact: Personal Robots, Inc., 1000 
North Ave., Waukegan, IL 60085. 

CUSTOM SYSTEMS INTEGRA- 
TION— CP/M, MP/M, CP/M-86, UNIX, 
S-100, IBM-PC, M 68000 Add-ons for Heath 
Robot— Request Catalog. Interface 
Technology, Box 745, College Park, MD 
20740. (301) 490-3608. 


General Digital Speech Synthesizer 


7 'he GDX-SPEECH-TI speech synthe- 
J. sizer is based on a dedicated TI-5220 
speech processor and uses linear predictive 
coding techniques. The module generates 
a natural-sounding voice using a standard, 
onboard 206-word industrial vocabulary. An 
unlimited vocabulary is available using 
LPC-10 data supplied by an external pro- 
cessor. The module is self-contained and in- 
cludes an onboard LPF, 2 W audio amplifier, 
phono jack, and volume control. The user 
simply connects an 8 ohm speaker. In addi- 
tion, the module allows mixed low-level audio 
from an external source and synthesized 
speech to be overlaid. A manual included 
with each module provides software driver 
routines. 


Price for the module is $285.00. Quanti- 
ty discounts are available. For further infor- 
mation contact: Leigh Standish, 7 Linden 
Place, Hartford, CT 06106. (203) 527-3845. 
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MEET 48 EMPLOYERS 


25 Interviewing Seminars 
Nationwide 

Salaries from $24,000 to $75,000 

Robotics, CAD/CAM Electro-Mech, Mechanical, Packaging, MFG/IE. Elec- 
tronic, Electrical, Systems, Computer, Aero/Astro, EDP/ADP. 

• Meet representatives from 
participating firms in a single day or 
evening. 

• O/C represents 400 major firms. 

• Free Salary Survey and cost of living 
comparisons. 

Send resume or handwritten brief with home phone number to: 

Robert Rose 
Opportunity Center 
265 S. Main St. 

Akron, OH 44308 


SEE YOU 
AT THE 
WCCF! 

Robotics Age people will be camped 
out at the North American Tech- 
nology, Inc. booths #1007 and #1008 
in Brooks Hall at the 9th West Coast 
Computer Faire held at the San Fran- 
cisco Civic Center March 22-25, 1984. 


OPPORTUNITY®™ 






8051-Based 

Single-Board Computer with 
Monitor/Debugger 

• Versatile - 4 28-pin byte- wide sockets; 
monitor will program EEPROMs. 

• Affordable - just $335. 

• Perfect for System Development and 
Educational Applications 

H 

Binary Technology ® 

P.O. BOX A-59 • HANOVER, NH 03755 • 603/643-2881 




AN INTRODUCTION 
TO BASIC CONCEPTS 
AND APPLICATIONS 


by David M. Osborne at $33.95 each. 

This state-of-the-art text, first in the Robot 
Technology Series, explores “steel-collar 
workers” their design and construction, 
applications, and challenges and 
opportunities for the future. 

Over 115 illustrations are included, plus a 
complete glossary. Analogies of everyday 
objects such as a bicycle, music box, delivery 
truck and screen door are used to explain 
robotics principles and construction. 

This is the good basic book you’ve been 
looking for. 

This book is designed for teachers, 
students, executives, managers, engineers, 
strategic planners, human resource special- 
ists, researchers, labor leaders, and anyone 
interested in this leading-edge technology. 

Midwest Sci-Tech 

Publishers, Inc. 

17385 Conant, Detroit, MI 48212 

Telephone 313/540-9880 
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MEET THE NEW WAVE OF 
PERSONAL ROBOTS AT CAL-ROBOT 

SALES OF PERSONAL ROBOTS AND RELATED 
EQUIPMENT FOR HOME, SCHOOL a BUSINESS 



HEATH’S HERO-1 " 



RB ROBOT’S RB5X’- 

HEATH’S HERO-1 ™ $2499.95 

(FULLY ASSEMBLED) 

DEMO ROM $49.95 

RB ROBOT’S RB5X T " $1 795.00 

*(BASE UNIT) 

* ALSO AVAILABLE RB ARM ”, VACUUM CLEANER, VOICE AND 
SOUND SYNTHESIZER, ROBOT CONTROL LANGUAGE AND 
ROBOTIC BOOKS FOR FUN, DESIGN AND CONSTRUCTION 

FOR MORE INFORMATION WRITE OR CALL 


CAL ROBOT 

P.O. BOX 5973 
SHERMAN OAKS CA 91413 
(213) 905-0721 

• ALL PRODUCTS IN FACTORY CARTONS WITH FULL 
MANUFACTURER’S WARRANTY. 

• FREE SHIPMENT ON ALL PREPAID ORDERS (U.S. ONLY) 

• CASHIER CHECKS OR MONEY ORDER. PERSONAL CHECK - 
14 DAYS TO CLEAR / NO COD’S. CA. RESIDENTS ADD 6V 2 % 
SALES TAX / ALLOW 2 WEEKS DELIVERY ON SOME ITEMS 

• PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE 



BIG STEPPER 

Stepping-Motor Driver Box 

Control Motion With Any Computer 


Process Control 


HOOKUP AND GO! 

Provides all required power 

Drives 4 motors at up to 5 amps per winding 
while sensing 8 limit switch inputs 
PARALLEL "BIG STEPPER": $450 

SERIAL '"SMART STEPPER" (RS232): $850 

STEPPING-MOTOR TIPS COOKBOOK: $8 

Includes 3-D positioning program 
Centre Computer Consultants (814) 237-4535 
P.O. Box 739 State College, PA 16801 


BOOKS 

The Complete Handbook of Robotics by Safford, $11.50 

Handbook of Advanced Robotics by Safford, $16.50 

How to Design and Build Your Own Custom Robot by Heiserman, $12.95 

How to Build Your Own Self-Programming Robot by Heiserman, $9.95 

Android Design: Approaches for Robot Builders by Weinstein, $12.95 

Microcomputers for External Control Devices by Gupton, $16.95 

Robots: Basic Concepts and Applications by Osborne, $33.95 

Robotics in Practice: Industrial Applications by Engelberger, $19.95 

Robot Manipulators: Math., Prog, and Control by Paul, $29.95 

Robot Motion: Planning and Control by Brady, $37.50 

Industrial Robotics Handbook by Hunt, $32.50 

Managers Guide to Industrial Robots by Susnjara, $24.95 

Developments in Robotics 1983 by Rooks, $59.50 

Robots at Work: Guide for Engineers and Mgrs by Hartley, $39.00 

Principles of Artificial Intelligence by Nillson, $31.50 

Machine Learning, an AI Approach by Michalski, $39.50 

Engineering Intelligent Systems by Glorioso & Osorio, $29.00 

Handbook of Artificial Intelligence (3 volumes), $120.00 

Artificial Intelligence Programming (Advanced LISP) by Chamiak, $19.95 

The Anatomy of LISP by Allen, $34.95 

Programmer’s Guide to LISP by Tracton, $16.95 

To order give Title, Author and Price, and this ad number RA1. Make check or money 
order payable to H.D. KOHN CO. (No personal checks on orders from outside the US 
please.) VISA/MASTERCARD provide signature, card #, and expiration date. 

VA residents add 4% sales tax. 

SHIPPING CHARGES: US & Canada, and Foreign surface rate, $2.50 first book, $.75 
each additional. FOREIGN Air Mail, $8.50 first book, $5.50 each additional. 
Satisfaction Guaranteed, All Books 30 Day Return Privilege (less shipping charge). 

H.D. KOHN CO. 

P.O. Box 16265 Alexandria, VA 22302 


THE MEAN LITTLE KIT 



New compact 24-piece kit of electronic tools for computer 
hobbyists, engineers, scientists, technicians. Includes 7 
sizes screwdrivers, adjustable wrench, 2 pair pliers, wire 
stripper, knife, alignment tool, stainless rule, hex-key set, 
scissors, 2 flexible files, burnisher, miniature soldering 
iron, solder aid, coil of solder and desoldering braid. Highest 
quality padded zipper case, 6 x 9 x 1 3 /V' inside. Satisfaction 
guaranteed. Send company purchase order, check or charge 
Visa or Mastercharge. We pay the shipping charges. 

JTK-6 Tool Kit . . . $95.00 


FREE CATALOG 

Page after page of hard-to-find pre- 
cision tools, tool kits, computer 
accessories, test equipment, optical 
devices, soldering and desoldering 
tools. Send for your free copy 
todayl 


JGNSGN TOOLS INC. 

7815 South 46th St., Phoenix, AZ 85040 
Phone: 602-968-6241 TWX:91 0-950-01 1 5 
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AMAZING AVOIDER ™ 



THE AVOIDER, THE 
INTELLIGENT ROBOT 
YOU BUILD YOURSELF 


You’ll think the 21st century is here! 


Infra-red from The AVOIDER’s elec- 
tronic censor detect obstacles in its 
#EA OS path. Just like full-size robots, Japa- 
* * nese-madeAVOIDERwalksandturns 


thanks to electronic controls. Plus— all circuits and moving parts of 
the 4% " x 4% " x 5" robot are visible through the impact-resistant 
clear acrylic body. Build this intelligent robot from a complete kit of 
quality-made precision parts with easy-to-follow instructions. No 
fancy tools needed! 

IDEAL STARTER KIT FOR INTELLIGENT 
MACHINE ENTHUSIASTS— FUN, EDUCATIONAL, 
GREAT FOR GIFTS. 

ORDER NOW! Not available in any store. Supplies limited 


YES! Rush me AVOIDER kits so I can build my own intelligent 

robot(s). 

Name 

Address 

City State Zip 

Check, money order enclosed for $ 

(Include $2.50 handling charge) 

Allow 3-4 weeks for delivery. 

Send to S.M. Robotics, 759 Boylston St., Chestnut Hill, MA 02167 



MC-2 base board $279.00 

Z-80 CPU at 4 MHz, 64K RAM, CTC, PIO, expansion 
bus, requires +5V/1 A. MTS/Monitor/drivers in ROM. 

On board options 

CRT 64 64 character x 16 line video generator $109.00 

CRT 80 80 character x 24 line video generator $149.00 

SIO RS-232 Two serial channels $ 59.00 

POWER SUPPLY 5V2A, +12/-12V, .4A $ 59.00 

MTS-Z80 OPERATING SYSTEM source code $ 99.00 

MTS-Z80 manual $ 12.00 

MTS-BASIC Reentrant control Basic $ 79.00 

Z80 CP/M* MACRO ASSEMBLER $ 49.50 



*CP/M is a trademark of Digital Research. 


CyberPak 

PO Box 38, Brookfield IL 6051 3 
(312) 387-0802 




Robotics Age Magazine is pleased to announce the results 
from the first Robotics Age Reader Evaluation, R.A.R.E. 
R.A.R.E. allows you to communicate your likes and dislikes 
about articles directly to the editor. 

At the end of each article in Robotics Age are three 
evaluation numbers. You rate the articles by circling the 
appropriate number on a Reader Service Card and return- 
ing the card to us. 

The first issue to use article ratings was the September/ 
October 1983 issue. The article receiving your highest 
rating is “ODEX I: The First Functionoid”, by Marvin 
Russell, Jr. Appearing in second place is “A Cog-Wheel 
Driven Robot Cart” by James R. Grote, Ph.D. 

I’d like to express my appreciation to Marvin and James 
for submitting two excellent articles. 

RGAC 


HDBBV RDBDlT 

More SpecDroids™ from SPECTRON INSTRUMENT 

ROBOT IV KIT $250 

A traditional style robot arm. 3 axis plus 
grip and wrist rotation. It complements 
our ROBOT I by introducing motion in 
three dimensions with parts gripping and 
handling. (It doesn’t have the drawing and 
vision ability of our ROBOT I). Great for 
stacking sugar cubes, or for transferring 
to your coffee. With software for learn 
mode using VIC 20/64 and joystick. In- 
cludes 2 & 4 finger grippers. Optional vi- 
sion add-on module. 


VISION SYSTEMS 

VISION I KIT $100 

Panoramic scan vision system. Use for 
motion detection and tracking, pattern 
recognition. 

VISION I 

STEREO/TWIN KIT $150 

Triangulates for 3D ranging. 

VISION 2D KIT $135 

Adds tilt for TV image Full grey scale Easy 
to use with BASIC. Pattern recognition, 

X-Y tracking, Robot Vision. 

Interface kits for several computers, more arms and vision units. 

WRITE OR CALL FOR CATALOG. 

SPECTRON INSTRUMENT 

1 342 W. Cedar Ave. Denver, CO 80223 
Telephone (303) 744-7088 





VISION 0 KIT $40; 2 for $70 

Fixed view and proximity detect. 
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This is one "BRAT7 you'll want in 

your class! THE 

"BRAT" 


Basic Robotic Automated Trainer 



The selection of multiple optional modules and control consoles make the "BRAT" the most 
DYNAMIC Robotic Training System available today! All system modules supported by users manuals 
and student application manuals. 


I Multiple Technologies 
• Multiple Controls 
0 Multi-Axis 

^Manuals 


I Complete Electronic Fault Insertion Module 
# Industrial Components 

# Modular Construction 

#Real World Experience 


By 

AMPTRONICS 

DIVISION OF 


Coll or write us today for a complete catalog. 



401 N. Salem Avenue 
Arlington Heights, IL 60005 
(312) 870-0883 


INC. 
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l€T TH€ ,, GflM€S"B€GIN. 

Feedback Introduces Hi-Tech for Vo-Tech, 
uuith Stimulating Results. 



Electrical Machines 


Communications 


Electronics & Electricity 




Instrumentation & Control 


Hydraulics & Pneumatics 


Microprocessors & Microcomputers 



For Information Call Toll Free: (800) 526-8783 


620 Springfield Ave., Berkeley Heights, 
NJ 07922 • (201) 464-5181 


Feedback’s educational robotics/CNC/CAM equipment 
provides the “hi-tech tools” you need to stimulate, 
motivate and educate. Your students see and 
touch . . . they become involved . . . they 
acquire practical, hands-on experience. Most 
importantly, your students enjoy themselves — while 
you instill a broad base of knowledge, an understanding 
of basic processes, and the desire to go on to 
further education. 


The time to meet the challenge is now. Feedback 
provides the ways and means to do so. 


Feedback: for over 25 years, a leading force in meeting 
the needs of technical education. 


Circle 38 


As a vocational/technical educator, you are faced 
with one of the greatest challenges in decades: 
preparing today’s students for tomorrow’s high 
technology. No easy task, indeed. 

The first step is to make the learning process 
an enjoyable and meaningful one, so the 
student will “allow” himself to learn. That’s where 
Feedback comes in. 


Robotics 







